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Symposium on the Thyroid Heart 


The papera iL'hieh follow confstilutc Ihr protirnm of llir mrriiup of the .■Imrricoit 
Bcnrt Jssocintion held in Bew Orlrtinx on Mni/ 1.2, HK2-2. 


THE MECHANISM OP AD.JUST:\IENT OP THE CIROUIjATION 
IN HYPERTHYROIDISi^r (THYROTOXICOSIS)^ 

Waelack JI. Yateu, ]\I.D. 

AVasiiixoton, D. C. 

/"^ERIAIN facts have been learned about llie circulation in byper- 
tlij roidisin, from both clinical and laboratory invest ig'at ions, ■which 
allow one to speculate intollifrently upon the probable mechanism of ad- 
justment of the circulation in that condition. Thc.se facts Avill be briefly 
given. 

Cardiac OA'craclivity is one of the outstanding evidence.s of hypor- 
Riyroiclism. It is indicated by both subjective and obieetive symptoms 
The latter are mainly tachycardia, loud heart sounds, enlargement of 
the area of cardiac dullne-ss and increased pulse pressure. 

That there is an increase in the minute-volume output of the heart and 
a greater velocity of blood flow through the lungs and the tissues 1ms 
been amp y demonstrated both in patients and in animals by competent 

The gene™, <,o„ehu„o.. h.ns been that is o|os,. eonvhUm 

bet..cen tJic oxygon consumption (bnsol metobolie rate) ni.d the ontput 
of the hoavt hyperthyroidism. Seve..,-,! workers h..4 .to ed n.s I 
m.m. e-volume output of the heurl, however. i„c, -eased relatively 

in the metabolic rate wldr^i, f^i‘''’Pi’oportionate rise 

ventilation and in blood flow '^'^iri t^’«P'-oportionnle rise in 

and Harrison^- found tilt the ^ substance Blalock' 

consumption increased, but that^helltTor-^ ^^ereased as the oxygen 

V'as at first less than that of tU n 

an that of the oxygen consumption, although later 
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tlie output increased rapidly and showed a greater relative elevation 
than the metabolic rate. These facts all indicate that while the demands 
ot the tissues for more oxygen are met by a greater blood flow, the ad- 
justment is not as accurate as it is in the corresponding- physiolo«-ical 
state, muscular exercise. ° 

File increase in tlie pulse jiressure in hyperthyroidism is a constant 
phenomenon.io. =-■« It is effected by a moderate increase in the systolic 
piessure witliout mucli alteration of the diastolic pressure. A relation- 
ship between tlie pulse pressure and the basal metabolic rate has been 
noted, the pulse pressure being greater the higher the basal me- 
tabolic rate. The increased pulse pressure, tlie visible throbbing of the 
vessels generally, and the frequently observed capillary pulsation are 
all indicative of general vascular relaxation, which is a necessary con- 
comitant of increased blood flow. 

There is an actual increase in the circulating blood volume in liyper- 
thjToidism, as shown by Wislieki®*’ and by Chang.^ This increase may 
be as great as 30 per cent, and involves the plasma and cellular elements 
proportionally. It may he due to contraction of the spleen, as in exer- 
cise, but there are probabl.y also other factors. 

Since taclij^cardia is such an outstanding and constant feature of 
hyperthyroidism, it has received considerable attention. It is present 
even during sleep, and the basal 23ulse rate when computed with the 
pulse pressure has been found to give a fairly accurate indication of 
the degree of elevation of the basal metabolic rate.®’ -® The cause 
of the taehjmardia has until recently been thought to be a stimulation of 
the sympathetic nerves, an increased production of adrenalin or a toxic 
influence on the myocardium. Several groups of investigators have in- 
dependently proved that these theories are Avrong. 

J. K. Lewis and McEachern’® published the results of experiments 
with rabbits’ hearts Avliich shoived that the isolated hearts of thyrox- 
inized animals persist beating at an accelerated rate. Priestly, Mark- 
mvitz and Manin® also fomicl that the hearts of thyroxinized rabbits 
when perfused beat faster than normals.^" In an ingenious experiment 
they demonstrated that the heart of a pup Avhich had been anastomosed 
to the vessels of the neck of a large dog beat much faster ivlien the large 
dog Avas thyroxinized. In a large series of rabbits made aentely hyjoer- 
thj^roid intravenous injection of thyroxin found uniformly that 
the isolated iierfused hearts beat much faster for many hours than the 
hearts of rabbits not thj’^roxinized. The average rate of the perfused 
hearts of normal rabbits AA’as 140 per minute and that of the acutely 
thyroxinized rabbits Avas 193 per minute, an increase of 38 per cent. 
The effect of one injection of thyroxin became manifest by the inci eased 
heart rate after a latent period of Iaa'O days and persisted for tAvo AAeeks. 

’‘The tew exceptions were probably due to the fact tiiat tlie latent period of action 
of thyro.vin had not been recognizea. 
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I notea in those experiments that the hearts ot the Ihyrox.n.eeol rabtal 
V ^more subject to attacks of arrh,thmia and seemed to beat mor 
rigoronsly than normal. After excision of the .sino-anr.eu ar noflo o 
the perfused hearts of Ihj-roxinized rabbits the heart latc uas si 
greatly increased ivhen compared with controls, and after ant icnlo- 
ventricular dissociation was produced by crushing the bundle ol. His, 1 le 
ventricles usually continued to beat at an accelerated rate. McIntyre ^ 
has laboriously completely denervated the hearts of dog.s and has found 
that when the animals were made hypertliyroid the heart beat faster 
to the same degree as in control dogs. Tlicsc o.xperimenis all .showed 
that thyroxin exerts its effect either upon the muscle fibers or upon flic 
nerve endings in the myocardium. It remained for Cecilc iiraikouitx 
to show conclusively that thyroxin acts directly U]mn the muscle fillers. 
A studj’’ was made of the action of thyroxin on tissue enltnrcs of pulsat- 
ing fragments of lieart mnscle removed from cluck embryos before the 
appearance of nerve elements in the licart. A progressively greater in- 
crease in rate of pulsation occurred, ending in .some cases in fibrillation 
and paralysis. 

Some experimental work has been done to com}iare tlie survival ])e- 
riod of isolated perfused hearts of tJjyroxiniml i-abbits witli that of 
hearts of non-thyroxiuized rabbits. I studied in this way the heaids of 
both acutely thyroxinized rabbits and of rabbits kept hyjierthyroid for 
a long period of time. The.se hearts continued to beat as long as, and 
possibly better on the average than normal hearts. 

With these facts before us we may .speculate upon the mcclianism by 
which the circulatory adjustments in hyperthyroidism are made. In 
order to an-ive at a satisfactory conception of this problem it is neces- 
sary to review the adjustment of the eireulntion in tlie most nearly cor- 
responding physiological state. This state is muscular exercise, since 
the patient with hyperthyroidi.sm has a circulation rate at rest which is 
the same as that of an individual undertaking moderate physical exertion. 

Bainbridge^ has written a cla.ssieal treatise on the physiology of mus- 
cular exercise, and this, together Avith the monograph of Wiggers"** on 
the pressure pulses in the eardioAmscnlar .system, comprises the main 
source of information for tlie following brief account of the cirenlalory 
adjustments in exercise. 

The oxypn needs of the body per minute during exercise are increased 
in proportion to the amount of external work performed. This correla- 
tion IS aecomplislied by a carefully regulated scries of adjustments. In 
the first place an increase in pulmonary ventilation, Avhieh determines 
largely the oxj-gen supply of the body, is brought about by a rise in the 
hydrogen ion concentration of the blood and a greater smisitivcucss of 
the respiratory center; the latter is probably due to tlie effect upon this 
entci of impulses from the liiglier centers of the brain flowiim out 
oiieomitantly Avitli the passage of impulses from tlie cerebral cortox to 
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the skeletal muscles. A more rapid eiretdation rate closely correlated 
with the degree of increase in pulmonary ventilation is necessary in 
01 del that the needs of the tissues for more oxygen may be met. The 
law of the heart (Starling) states that the A’^entricles can eject all of the 
blood which enters them in diastole, and that they do so with the great- 
est force po.ssible at the time. In exercise more blood is returned to the 
heart than during rest because of the mechanical scpieezing of blood out 
of the capillaries of the A'oluntaiy muscles by the increased activity of 
the muscles, and also because of the accelerated and augmented respira- 
tory movements, particularly of the diaphragm. In response to a greater 
venous inflow the heart can increase its output per minute either by a 
larger output per beat or by acceleration of the pulse rate. The influ- 
ence of the latter upon the output of the heart per minute is determined 
by the rate at which the heart fills during diastole. If the venous inflow 
is adequate, i. e., if it is so rapid that the heart fills almost completely 
early in diastole, acceleration of the pulse only slightly diminishes the 
output per boat but greatly increases its output per minute. Thick- 
walled, well nourished ventricles (such as in athletes) increase their 
output more by a greater volume per beat than by acceleration of rate. 
The initial acceleration of the pulse rate at or just before the beginning 
of exercise is due to the passage of impulses from the higher centers to 
the vagus center whereby its tone is lessened and to the accelerator 
nerves whereby their tone is increased. The persistent acceleration of 
the pulse throughout the period of exercise depends, partly on a con- 
tinuance of the outflow of impulses from the cerebral cortex to the vagus 
and accelerator centers, partly on the influence upon the vagus center 
of the rise in temperature of the bodj^, and partly on the greater diastolic 
distension of the auricles which reflexly lessens the tone of the A’-agus 
center (Bainbridge’s reflex). The effectiveness of the larger output in 
increasing the blood supply to the active muscles, the heart and the 
brain during exercise is greatly enhanced by constriction of the splanch- 
nic vessels and by dilatation of the vessels of the muscles and heart. 
The former is brought about primarily and chiefly by the outflow of im- 
pulses from the higher centers to the vasomotor center ; the latter by the 
reduction of tone of the arterioles and capillaries directly by the action 
of acid and other metabolites in the muscles and possibly by the effect of 
an addition of small amounts of adrenalin to the circulation. The rise 
of arterial pressui’e is the resultant of (1) the increased output of the 
heart, (2) the constriction of the splanchnic vessels, and (3) the dilata- 
tion of the vessels in the muscles and skin. 

Hyperthyroidism differs from muscular exercise in tiro main features : 
(1) the absence of the outfloAv of impulses from the cerebral cortex to 
the muscles and the medullary centers, and (2) the absence of increased 
activity of the muscles, which is perhaps the most important factor in 
the return of blood to the heart. While an increase in rate and ampli- 
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tude of respiration is not a prominent featnre m 
!xists. as tvL first sliotvn by Hofbaucr and is probably dne to llio el- 
feet of an increase in hydrogen ion concentration ot the Wood upon the 
respiratory center. To a certain extent this increased respiratory activ- 
ity aids in the retnrn of blood to the heart. The increased metabolism 
of the tissues undoubtedly aeconuts mainly for the general vascnlar re- 
laxatiou in tlie same way as in exercise, and this relaxation is^ot im- 
portance in tlie acceleration of the return of blood to the heart, ilic in- 
crease in blood volume augments the elfecl. ot vascular relaxation and 
allows the filling of the heart to be adequate in spite of the larger size of 
the stream-bed. 

The main differences between exercise and hypcrtliyroidisni aic con- 
cerned, therefore, with the mechanism of increase in the cardiac out- 
put and of the acceleration of the pvilse rate. It would appear Ivoin the 
experimental work reported that (he two factors largely responsible for 
this increase in the mimite-volumc output of the heart in hypcrtliy- 
roidisni are the acceleration of the pulse rate and the increased vigor of 
the heart heat. The former has been shown adequately to be dne entirely 
to the effect of an excessive amount of thyroxin in the heart muscle it- 
self and not to the causes of acceleration of the jiulse rate wliich exist in 
exercise. The increased vigor of boat is indicated by the loudness of the 
heart sounds, the increased s.Ystolic blood pressure in sjiite of general 
vascular relaxation and the appai'ent exaggeration of force of tlie beat 
in perfused liearts. A study of the cardiac dynamics of bypertliyroid 
hearts of animals would be of great value in aecnvatcly establishing 
this point. It is probable that the liyperthyroid heart more eomjffetely 
empties itself early in systole and tills rapidly early in dia.stolc, so that 
the tachycardia is itself responsible for a great increase in the minute- 
volume output of the lieart. Since the acceleration of the heart rate 
and the increased vigor of heartbeat are dne entirely to tlie effect of 
thyroxin upon the heart muscle, it is, therefore, entirely a coincidence 
that there exists in hjq^ertliyroidism an increased blood flow and velocity 
of the circulation. "Were it not for this fact patients with hyperthy- 
roidism would soon suffer from relative tissue auoxemia and the meta- 
bolic rate be decreased. This fact also accounts for the inexact correla- 
tion of the rate of oxygen consumption and the increased blood flow. 

_ The ample oxygen supply of the heart itself and the reduction of re- 
sistance to blood flow through the tissues probably explain why con- 
gestive heart failure is so infrequent until the later decades of life in 
spite of the increase in amount of work done by the heart. The lack of 
any great degree of hypertrophy of the heart in liyperthyroidism is 
probably due to the fact that the periplieral stream-bed is wide open so 
that the .ncreaaecl effort of the heart is expeoclecl largely t„,o„ ft 'i , 

ereased freqoeney of the pulse rate and not in oyeroomin Jinoclnnir- 1 

Obstruction to the flow of blood. ^omiin^ mecJmmcal 
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Investigators in the field of hyperthyroidism have uniformly passed 
over the increased rate of circulation by stating that it is due to the 
greater demands of the tissues for oxygen. To quote a few, Du Bois®- 
stated that “Part of the increase in pulse rate is also due directly to 
the increased metabolism which necessitates a greater blood flow;’’ 
Willius and Boothby^® said that “In view of the constant elevation in 
the basal metabolic rate in exophthalmic goiter and in adenomatous 
goiter with hyperthyroidism, it is obvious that there must be an increase 
in the rate of circulation to meet the increased demand of the tissues 
for the transportation of electrolites;” and Blumgart, Gargill and.Gilli- 
gan® asserted that ‘ ‘ The increased velocity of blood flow in thyrotoxicosis 
probably occurs to meet the demands of the elevated metabolic rate and 
not as a result of a toxic effect on the heart.” Now it may safely be 
stated that it is onlj’- because of tlie effect of an excessive amount of 
thyroxin in the myocardium itself that these “demands” are met. 

SUJIMARY AND CONCLUSIONS 

The facts knoivn regarding the alterations of the circulation in hyper- 
thyroidism have been stated. Prom these it appears that the increase 
in the I’ate of the circulation is a fortuitous rather than a pliysiological 
adjustment. It is due mainly to the increase of thyroxin in the myo- 
cardium which causes the heart to beat more rapidly and more vig- 
orously. Associated witli tliis are a general vascular relaxation brought 
about bj’’ the local action of metabolites on the arterioles and capillaries, 
and an increase in the circulating blood volume, due mainly perhaps 
to contraction of the spleen. There is probably also an increase in rate 
and depth of respiration, the result of the effect of an increased hydro- 
gen ion concentration on the respiratory center. These factors aid in 
the more rapid return of blood to the heart. 
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CARDIAC HISTOPATHOLOGY IN THYROID DISEASE. 
PRELIMINARY REPORT* 

Carl V. ^YELLER, j\LD., R. C. ^YAxsTROM, M.D., Harold Gordon, M.D., 

AND John C. Bugher, M.D. 

Ann Arbor, Mich. 

'T'HE cardiac histopathology of thyroid disease has been studied by 
-L many observers and very many conflicting reports have been made. 
GranP^ found dilated and hypertrophied hearts with little evidence of 
myocardial degeneration. Slany .showed a mild myocardial scarring, 
round-cell infiltration or fattj* degeneration, but not sutfleient to account 
for the great disturbance in cardiac function. In some instances there 
was an acute mj’oeardial necrosis, but this was unusual. 

Wilson- described the myocardium in eighteen cases of hyperthy- 
roidism as shoving sv'ollen fibers with indistinct striations and well 
marked lipoid changes. Only five patients were under forty years of 
age. In patients with long-continued pronounced hj-perthjToidism, the 
myocardium shows more advanced fatty changes than are present in the 
myocardium of individuals of the same age without hyperthyroidism. 

In eighteen cases of Basedow’s disease and in nine cases of colloid 
struma with Basedow’s disease, Fahr® found in the m3’'oeardium, fibro- 
blastic proliferation and scars. In eases of colloid struma with cardiac 
disturbances he described small round cell infiltrations between the 
muscle fibers and around the small A'essels. He regarded these changes 
as time inflammation. Bejmnd the infiltration was a slight degenerative 
fatty infiltration. He stressed the differences in intensity of the changes. 

Ceelen^ found sharply localized necroses witli areas of fibroblastic re- 
action in hearts of Basedow’s disease. 

No proof of Pahr’s findings of infiltrations and true mjmcarditis could 
be found by Baust.® He recognized only a slight increase in Ijunpho- 
cytes and fibroblasts, but no degenerative changes with fibrosis and sears. 

Kerr and Rusk,® in a case of h3’perth3-roidism, described in the myo- 
cardium occasional moderate separation of the fibers by edema. One 
small focus of fibrosis without any emdenee of exudative cells in relation 
to it was seen. In one section a marked perivascular l3='mphoc3’tic in- 
filtration was seen. No emdence of focal necrosis of the myocardium was 
observed. 

Loos' described h3T)ertrophy and dilatation of the heai’t with micro- 
scopical findings of fatty infiltration and lipofusein formation, areas of 
round cell infiltration with necrosis, and scars in the muscle. These 
changes he believed due to toxin from the th3woid and mentioned the re- 

*From the Department of Pathologj% University of Michigan. 
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semblance to the m.iltiple necroses in hearts chnnaged b,v carbon mon- 

nviflp and diplitlicria toxin. ^ 

Askanazy" described bromi atrophy, degenerative fatty infiltration anc 

an interstitial myocarditis noth Basedoiv’s disease; and in eight cases oi 
Basedmv’s disease, Matti“ found six with foci of fatty infiltration and one 
with destruction of mnscle fibers, without inflammatory infiltrations. 
PettaveP® reported constant scattered and dilfuse fatty infiltration. 
Simonds" in eight cases found only one with fibrous nodules in^ the 
mnscle. This ease ivas also excluded because of .sjmechia of the pericar- 
diuiii, indicating a complication. Takane^- had three cases with inflam- 
matory round cell infiltrates in the heart in association with thyroid 
disease. Hashimoto'" examined two hearts from exophthalmic goiter 
patients and found Ijmiphocytic infiltrations between the muscle fibers 


or around the blood vessels. 

Cliesky^^ VTOte that, while a few eases dying with hyperthyroidism 
show small scars, fatty degeneration and interstitial and perivascular 
round cell infiltration, similar lesions are found as a part of the degen- 
erative changes of age in patients witliout goiter. 

The conclusion of White’® was that there is no constant cardiovascular 
lesion in thju-otoxicosis. Enlargement and hypertrophy of the fibers is 
present in some chronic eases, but it is difficult to exclude factors of 
liyiierteusion and coronary disease. In a few cases necrosis of tlie myo- 
cardium has been found, but this has not been confirmed as a thyroid 
effect. The heart weight is genei'ally increased only slightly. 

Rautmaun’® found hypertrophy and dilatation but no inflammatory 
or degenerative changes, even in the most severe Basedow eases. In his 
very complete work he said that the anatomical changes in Basedow's 
disease are either an h^Tiertrophy-hyperplasia or atropliy-hyjmplasia. 
The hypertrophy and hjqierplasia are chiefly met with in the thyroid, 
tlijTuus, general Ijnnphoid tissue and in heart muscle. The atrophy and 
hypoplastic changes occur iu the adrenals. 


HETHOD OP INVESTIGATION 

In the sei’ies of 4200 autopsies at the University of Michigan, there 
have been 43 instances of exophthalmic goiter and 90 of adenomatous 
goiter. This matei’ial, after a certain amount of selection, forms the 
basis for the present study. Prom these two groups there Avere deleted 
all those for which permission for a reasonably complete autop.sy was 
not given and also those cases shov’ing any evidence of syphilis, rheu- 
matic fever infective endocarditis or severe coronary atherosclerosis, on 
the basis that myocardial changes are exceedingly common in these 
diseases. As far as possible, known causes of frequent extensive inyo- 
cardial changes Avere thus eliminated. Eacli individual of this greatly 

other of the same age, sex and major cause of death, but without thyroM 
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disease, Tims a definite control series was established, differing from the 
first only in the factor of thyroid disease. If any distinctive myocardial 
lesion appears as the result of thyroid disease, it should be evident from 
the comparison of the two series. In this manner two groups of cases 
were set up ; one with exophthalmic goiters and the other with adenoma- 
tous goiters, upon all of which complete autopsies had been performed. 

A review of the gross autopsy findings was followed by a microscopical 
study of the hearts and thyroids from all cases with reference to specific 
deviations from the normal. In the gross examination, note was made of 
the total weiglit of the heart and the thickness of the ventricles. From 
each heart, at least four and in some cases eight or ten blocks were ex- 
amined; these included both ventricles and auricles together with all 
valvular orifices. Wliere additional sections were needed, as many as 
seemed necessary to give a complete microscopic representation were 
prepared. 

In reviewing the heart and thyroid material, no attention was paid to 
previous diagnoses, many of which were separated by thirty-five years 
in time. Instead, the entire series was evaluated objectively and with 
as uniform an application of the various criteria as could be employed. 

The microscopic examination immlved the tabulation of the following 
13 items with the indicated connotations; 

1. Atro'phy of Myocardivm. — A positive judgment of atrophy was based upon the 
finding of muscle fibers smaller in size than is normal for the particular age, with 
oftentimes increased lipoidal pigment about the nuclei and an apparent or relative 
increase of stroma cells due to condensation of the connective tissue. 

2. Hypertrophy of Myocardimn. — The presence of enlarged fibers with large and 
Ip-perchromatic nuclei was taken as the evidence of hypertrophy. 

3. Hypoplasia of Myocardium. — Fibers of small size but without increase in pig- 
ment and without any attendant increase in stroma were considered hjT>oplastic 
rather than atrophic. 

4. Zenker’s Necrosis. — This is the classical intracellular coagulation necrosis de- 
noted by palely staining fibers vith loss of nuclear differentiation. 

5. Fragmentation of Fibers. — Tliis phenomenon, probably in itself entirely post- 
mortem, may indicate a previous change in pliysical state of the muscle fibers. 

6. Edema. — In heart muscle, edema is indicated by the swelling and separation 
by albuminous fluid of the connective tissue cells and fibers. 

7. Cloudy Swelling.— -K swelling of the fiber associated with slight loss in stain- 
ability of the nucleus and cytoplasm, where the section generally does not indicate 
such change to be post-mortem, has been construed to be cloudy swelling. 

8. Fatty Infiltration. — This is an excess of adipose tissue beneath the epicardium 
with interdigitation of the outer muscle fibers and fat cells. 

9. Degenerative Fatty Infiltration..— U vMIlq the foregoing, degenerative fatty in- 
filtration is an accumulation of fat in many small vacuoles in the cytoplasm of 
muscle fibers and is associated with degenerative nuclear changes. This is usually 
most marked immediately beneath the endocardium. 

10. Sclerosis of Small Coronary Branches. — Cases with important obliterative 
changes of the large coronary vessels were eliminated from the series. Examination 
of the small branches was done to assist in making an etiological judgment concern- 
ing any areas of fibrosis. 
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11. Filrosis of Myocarmurn.—The amount of comieetivc tissue, location and cor- 
relation witli active inflammation was observed. , „ v , c 

12. EndocareJiol Sderosis.— The positions of tliese areas as well as the seventy o 
the process were considered in relation to the e.xistenec and position of fibroid areas. 

13. Celhtlar InfiUraiions.— The extent, togctlicr with the severity and character 
of these, was noted. 

EXOPHTHAEHIC GOITER 

The arithmetical mean of the weights of the hearts of both the exoph- 
thalmic goiter series and its controls are given in Table I, together with 
the calculated probable errors of the means and the average measure- 
ments of the ventricles. It is to be noted that while there is a difference 
of 60 grams in the means of cardiac weiglits, the variability in both series 
is so great that a difference of the magnitude found may be expected as 
an error of random sampling. The same conclusion is reached when the 


Table I 


! 

EXOPHTHALMIC 

GOITER SERIES 

CONTROL SERIES 

Weight of Heart, Mean 

393 ± 46 grams 

323 ± 75 grams 

Left Ventricle, iMean 

17.2 ±2.0 mm. 

19.0 ± 2.5 mm. 

Eight Ventricle, Mean 

5.6 ±1.4 mm. 

0.5 ± 1.2 mm. 


weight of eacli control heart is subtracted from its companion and the 
differences treated statistically, the mean preponderance of the exoph- 
thalmic goiter hearts over those of the control series being 47 ± 94 grams, 
there being several cases in which the weight of the control hearts greatly' 
exceeded the ones with which they were paired. 

The results of the microscopic examination are given in Table II where 
it is at once evident that while there are several pathological features 


Table II 


EXOPHTHALMIC GOITER 


Toteil cases used in microscopic exainiiial 
Atrophy of myocardium 
Hypertrophy of myocardium 
Hj^poplasia of myocardium 
Zenker’s necrosis 
Fragmentation of fibers 
Edema 

Cloudy swelling 

Fatty infiltration 

Fatty degener.ative infiltration 

Sc erosis of small coronary branches 

fibrosis of myocardium 

Endocardial sclerosis 

Cellular infiltrations 


GOITER 

CASES 

CONTROLS 

NTJJIBER 

PER CENT 

NUMBER 

PER CENT 

35 

100 

35 

100 

3 

8.0 

12 

34.3 

23 

65.7 

21 

GO.O 

21 

60.0 

7 

20.0 

8 

22.8 

4 

11.4 

5 

14.3 

7 

20.0 

11 

31.4 

7 

20.0 

25 

15 

71.5 

42.8 

1 22 

17 

62.8 

48.6 

24 

16 

08.6 

45.7 

22 

16 

62.8 

45.7 

28 

80.0 

18 

51.5 

31 

11 

88.6 

31.4 

IS 

6 

51.5 

17.1 
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ang a iigli incidence in the exophthalmic goiter series, there are only 
oui Items which are at all impressive in comparison with similar fiinf 
ngs m the controls. These are: hypoplasia of myocardium, fibrosis of 
myocardium, endocardial sclerosis and cellular infiltrations. The evi 
deuce upon which the conclusion of hypoplasia was based was found 

feljuie outstanding 

Of the exophthalmic goiter hearts, 80 per cent showed patches of 
biosis which for the most part were associated with endocardial 
sclerosis and were found chiefl}^ in the left ventricular wall and in the 
papillary muscles. These changes had no definite vascular associations 
although frequently they would be adjacent to small vessels. The lesions 



Fig-. 1. ^A-249-AJ. Active inflammatory focus with fibrosis beneath endocardium. x95. 


were usually small and for the most part had not been seen in the gross 
examination. In contour, they were irregular, the peripheral strands 
interdigitating with the surrounding muscle fibers, but very few of them 
showed any evidence of surviiml of muscle fibers vdtliin the area of 
fibrosis. Concerning the character of the lesions, no specific features 
could be determined save that they ivere not related to vascular oblitera- 
tion. In view of the preliminary exclusion of such cases from the series, 
it can be positively stated tliat these lesions were not due to syphilis, 
rheumatic fever or coronary disease. 

Of the eleven cases of the exophthalmic goiter series showing cellular 
infiltrations, six showed only subepicardial foci of wandering cells, this 
being also the localization of infiltrations shown by the six controls. Of 
the remaining five exophthalmic goiter eases, one showed such an active 
and unusual myocarditis that it merits more detailed consideration. 
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This patient, a woman 41 years of ago, was admitted to the University Hospital 
in stupor, and tlie meager history was obtained from relatives. She had liad definite 
goiter with exophthalmos for ten years with a marked increase of symptoms three 
weeks before entering the hospital and with vomiting for the last week of that pc- 



t|>e'apet\rpuiretriltan^ -largmnent, a .systolic nn.rnuu- at 

' ^«.ol-tion and digitali.atiouLt s;:^'::^ 
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X-ray adnnmsterecl to the thyroid. The condition grew worse and tlie patient died 
SIX days after entering the hospital. ^ 

At autopsy Uie heart was found to weigh 400 grams and measured 11 x 11 x 7 5 cm 
The left ventricle was 25 mm. in thickness; the right ventricle measured 11 mm! 




Pig., 5— A-125-Z. Extensive fibrosis ivith surv'ival of muscle fibers. x95. 

Both ventricles were dilated. Microscopically, a moderate hypertrophy of the muscle 
fibers and a moderate atherosclerosis of the larger coronary arteries were found.. 
Most striking, however, were the many focal lesions occurring throughout the myo- 
cardium, even that of the auricles. These were strictly nonpurulent and could be^ 
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found ill all stages from focal necroses of tlie niiiscle fillers with lyiiiphoeyle and 
plasma-cell infiltrations to old and somewhat hyaliue patches of fibrosis. The lesion 
was essentially a fibroblastic proliferation in response to focal necrosis rather than a 
diffuse interstitial fibrosing process. A^arions stages in the evolution of these filiroid 
areas are sliown in Figs. 1 to 3. 

Ill four other hearts, cellular iiifiltraliou.s a.ssoeiatcd ivith jiatch.y 
fibrosis were found, but in none of these were early Icsiou.s seen and the 
■wandering- cells were relatively sparse. In general, the fibroid region.s 
resembled the healed lc.sions of the ease .showing active myocarditis and 
likewise there was no obvious explanation of their presence. Typical 
fibroses are sliown in Figs. 4 to 6. 



The o„e case of active myocarditis agrees ivith those previotislv dc- 
scnbcd by Fahr, but m this scries, unless tlic mimerous flbroscs .arc as- 
sumed to be healed foeal lesions of that variety, it is not as tremieuMv 
oceurnug as Fahr found to be the ease iu tbosi be sltufel 1,1 "To.; 

result arc actuallv the end 

undoubtedly due to ^ th^ cimm ’ 

sHicidatiouct ■■ (>•■■«>=.■ 

mimediatc causes of death shows t>i „f oe ‘•''Elation of tho 

i»^-i„„s iu trbieh such rotrogreiiv: a^r r^ 
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Table III 

ExopnTiiALMic Goiter 


19 Males, average age at death 

21 Females, average age at death 

43.6 years 

41.5 years 


40 Cases, average age at death 

42.5 years 

Immediate Causes of Death: 

35 cases 


E.xophthalinic goiter only 

2 eases 


Cardiac insuflicicncy 

9 cases 


Pneumonia 

17 cases 


Other infections 

4 cases 


L3'mphatic leuceniia 

1 case 


Cerebral hemorrhage 

1 case 


Asphj’xia 

1 case 


Average duration 

3.4 years 


Auricular fibrillation 

15 eases 


Average basal metabolic rate 

448% 


Ma.vimum basal metabolic rate 

+90% 


Minimum basal metabolic rate 

+14% 



ALENOJIATOUS GOITER 

After pursuing tlie same eliminations as in the exophthalmic goiter 
series, 55 complete autopsies remained showing adenomatous goiters and 
no evidence of syphilis, rheumatic fever, infective endocarditis or ad- 
vanced atherosclerosis of the larger coronary arteries. For each of these 
a control was selected following the same procedure as in the exoph- 
thalmic goiter study. The same tabulation of microscopic findings was 
employed, and the results are given in Table IV. From the data, it ap- 
pears that no significant difference between the two series existed save 
in respect to cellular infiltrations. However, in both series, these in- 


Table IV' 


Adenomatous Goiter 


Total eases used in microscopic examination 
Atrophy of myocardium 
Hj’pertrophy of myocardium 
HjTioplasia of myocardium 
Zenker 's necrosis 
Fragmentation of fibers 
Edema 

Cloudy swelling 
Subepicardial fatty infiltration 
Fatty degenerative infiltration 
Sclerosis of small coronary branches 
Fibrosis of myocardium 
Endocardial sclerosis 
Cellular infiltrations 


GOITER 

CASES 

CONTROLS 

number 

PER CENT 

NUMBER 

PER CENT 

55 

100 

55 

100 

IS 

S3 

14 

26 

42 

76 

42 

76 

12 

22 

9 

16 

0 

0 

2 

4 

8 

15 

8 

15 

21 

38 

16 

29 

37 

67 

37 

67 

34 

62 

42 

76 

49 

89 

50 

91 

22 

40 

18 

33 

35 

64 

40 

73 

39 

71 

42 

76 

17 

31 

8 

15 
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filtratioiis Avere nearly all subepicardial in location ; and eonsidenng the 
fact that tAvo-tliircls of the adenoiuai.ons goiter indivuluals died of seveie 
infections sucli as pneumonia and purulent pentonilis, tins difterenco is 
also probably meaningless. The very high incidence of 89 per cent for 
degenerative fatty infiltration is in accordance Avitb the reiiorted high 
figure for that change in this disease, but this is at once discounted \A 

finding it in 91 per cent of tlie controls. 

As far as this CA’idence goo.s, avc ai‘e thus forced to the conclusion that 
no definitely demonstrable cardiac lesion occurs as the result, of adenoma- 
tous goiter.' All of the changes previou.sly described in such cases can 
be A'erificd in this series, but Avhen rigidly controlled, it i.s found Hint 
such changes are due to the concomitant conditions of illne.ss rather than 
to the presence of the thyroid disease. 


.SUMAIARA' AND CONCEUSlONS 

1. A morphological study of the. hearts of 35 jiaticnts Avith exoph- 
thalmic goiter showed, Avith but fcAV exceptions, no gmss or microscoiiical 
pathological changes not equally represented in a carefully matched con- 
trol series. 

2. The cxception.s found were (1) a relatively higher incidence of myo- 
cardial fibrosis, endocardial .sclerosis, and cellular infiltrations in the 
series Avith exophthalmic goiter and (2) one case in the .series of 35 
Avhieh showed an active focal myocarditis for Avhich no etiological factor 
could be ascertained other than the hyperthyroid state. 

3. TAA^enty-cight, or 80 per cent of the exophthalmic series showed 
areas of myocardial fibrosis, as compared Avith 51.5 per cent of the con- 
trol series. It is impo.ssible to determine to Avhat extent, if any, such 
areas of fibrosis may be the result of an active myocarditis of the lAqiG 
found in the single case. 

4. The hearts of 55 cases of adenomatous (nodular) goiter failed to 
shoAV any significant difi'erence in the incidence of jiathological changes 
as compared to a matched nongoitrous control series. 
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A STUDY OF THE HEART IN HYPERTHYROIDTS^sU 

Geoffrey Rake, and Donaed I^IcEAcnERN, I^r.D. 

Baetimore, ]\Id. 

W HILE tlio opinion commonly held is lhat 1hc cardiac phenomena in 
hyperthyroidism are dim to a specific toxin produced as a result 
of the disease and acting specifically on the myocardium, yet those ivho 
have had occasion to study the literature dealing Avith this question A\ill 
have been impressed ivith the lack of unanimity, indeed the frank con- 
tradictions. Avhich characterize the problem. The concept of structural 
change as a basis for the cardiac phenomena is in reality founded upon 
a A'cry smalt number of reliable clinical reports or experimental pro- 
tocols. Furthermore, great stress should be laid on the absence of any 
satisfactory control series of macro.scoiiic and mieroscojiic observations 
on "presumably” normal hearts in human beings and animals. The 
literature in question has been carefully studied and reviewed up to the 
end of 1.930 bj* the present authors in previous papers, to which refer- 
ence may be had.’- - It may be .stated in brief lhat in the majority of 
instances, apart from hypertrophy, either no change was found or else 
the changes did not e.xcced tho.se which the present authors have shown 
to occur in a series of "normal” hearts. In a small number of cases, 
however, there have been do.scribed quite extensive diffuse or local 
lesions in the rayooardium. which have been eon.sidered specific. Tliis 
brief rei'iew of the literature serves Avhether it he applied to papers deal- 
ing Avith human autopsy material or to those discussing the results of 
experimental observations on rabbits, guinea pigs, rats, etc., after being 
fed or injected Avith difl’erent preparations of the thyroid gland. Papers 
appearing .since 1930 have, Avith one exception, agreed on the absence of 
any specific myocardial lesion. 

It is pertinent to turn for a moment from human and experimental 
pathology and to examine the clinical picture of the hyperthyroid pa- 
tient with cardiac disease. Thus oue may ascertain AYhethcr there is 
here anything to lead one to pre.sumc a structural change as producing 
the phenomena. When this is done it is found that far from siqiporting 
the hypothesis of a structural change, clinical observations tend definite- 
ly to ride it out. Thus many authors testify to the fact that Avhen eon- 
gestive heart failure appears in hj-perthyroidism, there is usually some 
other organic factor, rheumatic carditis, syphilis, or the like, Avhicii tends 
to loAver the cardiac reserve. Again, auricular fibrillation cannot be said 
to indicate, of necessity, structural alteration, for not only can it he 
proved Avith ease (as by asphyxia) in the laboi-atory without any ac- 
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eoinpanyin^^»^ struattiral dianjro*. but lo^athcr witli otlior manifistations 
of serious cardiao pinbarrassment. it may, in the nliseuce of cfM^xistiiyjr 
or^mnii* heart (iiseaso. vanish literally overniulit following' satisfactory 
response to tlierajiy. 

In order to throw some liglit upon this problem ■with its mass of eou- 
nicting ev'idcnce, recourse lias been bad to two methods: first, examina- 
tion of nntojjsy material together with full clinical records and autopsy 
protocols, and second, animal experimentation. In both eases what was 
believed to be an adequate number of control examples was studied. The 
results of the.se two invei^figation.s will be given .separately. 

ai:toi‘sy sTcniEs 

Twenty-seven autopsy eases were studied. Abstraet.s were ma<le from 
clinical liistorie.s and autop.sy profocol.s. Wlierever po.ssil)le, the gross 
autopsy material wa.s examined and further microscopical preparations 
made for fat stains or routine haematox.vlin and cosin stain. In every 
ease sections of the heart and other importmit organs were available. 
The licart sections included, at Ica.st, part of the left ventricle, the mitral 
valve, and the left auricular wall. Positive findings in all othm’ organs 
were recorded. 

One hundred and fifty controls were studied; twenty-five for catdi of 
the six doeados over wliicii the eases of hyperthyroidism were senttored. 
These one hundred and fifty casc.s were cho.sen con.sccntively from the 
aufojisy records, omitting eases of goiter, syphilis, profound anemia, 
.septieemia, and local disease in and around the heart. Tlio-'-e oases in 
wliieh eoronaiy sclerosis was mentioned in the protocols were also di.s- 
carded. Mieroscopi<-a! sections from the myocardium were examined in 
each instance. 

The twenty-seven eases eonkl he divided into tliree groups, according 
to the degree of alteration observed in Die licarts. In none of the three 
groups wa.s there any signifi<*ant inerea.«:e in the brown atrophy (lipo- 
elsroine) gninules. In the first group were fourteen ca.se.s in wliich the 
ohanges found were present also in normal liearts from tlie .same age 
groups. 

Tu the second group ciglit eases appeared, .'^bowing moderate changes 
such as intermuscular scarring or increased pcriva.senlar fihro.sis, slight 
cell infiUration. and alteration.s in staining reaction or eontonr of jnuscle- 
nbcj's. dianges similar in kind, if not in degree and frc-fpiency, were 
fotind in normal hearts of the same age ])eriods. ^chich hearf.s had given 
no evidence of disfurbed function during life. Because of tb.eir non- 
sp^'cific chnraetcr .and their occurrence in nnmerou.s control cases, it 
seern:-< imposi-ihle to aserjfio to these lesions the enrdini: phenomena ob- 
served clinically. In both hjqu’rthyrotd and contr'd case's all ehanges 
exeept the I'cH infiltnition were more common in ilie later decades of life. 
It is iXiu,“v5vablc th.at they may be aceetituated as n re-ult of prolonged 
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overwork in the presence of the profound metaholic changes demon- 
strable in the tissues of the hyperthyroid patient. _ ' 

Finally, five eases fell into tlie third group, Tliese exhibited pro- 
found changes, consisting of areas of inuscle-fiber destruction with re- 
placement by connective tissue, inlili.ration by lyniphocyl.es and inono- 
e^des with occasional polymorphonuclear leucocytes. Old intermuscular 
and perivascular sears were sometimes seen. Of these live, three had co- 
existing organic heart disease, two rheumatic fever and one syphilitic 
aortitis, ■which might be held responsible for the lesions. In the other 
two there was nothing to account for the changes. One of them showed 
extreme diffuse change with destruction of muscle-fibers and mononu- 
clear cell infiltration. 

Out of the tiventy-seven cases, definite hiTicrtrophy occurred in six- 
teen. Dilatation was a frequent finding and might well explain the en- 
largement encountered elinieall.y. 

No satisfactory relation could be found between the clinical symptoms 
and the structural changes in tlie heart. Thu.s, of seven patients d>dng 
with congestive failure, two showed marked changes, two moderate 
changes, and throe were normal. In both of those in which marked 
changes were present there was co-existent organic heart disease. Again, 
of the six patients with co-existing heart disease, five died with congeslive 
heart failure and in only two eases was congestive failure present with- 
out organic cardiac disease. The duration of the h>'iicrlh>n’oiclism bore 
no relation to the structural changes found in the microscopical 
preparations. 

EXPERIMENTAL STUDIES 

111 the experimental work both rabbits and guinea pigs were used. 
Injections of thyroxin (Roche) were given intramuscularly on alter- 
nate days. Guinea pigs received doses of 0.1 to 0.17 mg. over 4 to 83 
days; rabbits received doses of from 0,1 to 0.35 mg. over 2 to 13 days. 
The weight, temperature, and heart rate were recorded every day and 
the degree of hjTper^woidism judged by loss of weight, increase in 
cardiac and respiratory rate, diarrhea, apprehensiveness, and muscular 
weakness. Evidences of hyperthyroidism appeared usually thirty-six 
to forty-eight hours after the finst injection and progressed with succeed- 
ing doses. Of the animals that died, only those so recently dead as still to 
be warm were included in the series. The majority were killed. Tis- 
sues were fixed in Zenker-formol or foz-malin. In every case both 
auricles and ventricles were examined and in most cases preparations 
were made from adrenals and lungs. In the case of both guinea pigs 
and rabbits, ^ a series of normal hearts ivas examined in order to aseer- 
tani the variety and degree of changes present in the normal animal. 

Seventeen injected guinea pigs were examined together ivith twenty 
controls. Of the seventeen experimental animals, nine were free from 
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apparent terminal infection and of tliese eight showed no lesions, while 
one, which singularly enough had given the least evidence of hyper- 
thyroidism, showed a small area of dead musele-fihers Avith lymphocytic 
infiltration. There Avas no other demonstrable change. It may be that 
this animal had an unrecognized area of lung infection similar to those 
found in the other eight animals in Avhich almost identical cardiac 
lesions Avere found. These eight animals shoAved a spontaneous pneu- 
monia due apparently to Pasicurella hronchisej)ticus. Moreover, aU 
shoAved definite myocardial damage AA’ith masses of necrotic pink-stain- 
ing muscle surrounded by monocytes and pseudo-eosinophils. In later 
stages this lesion Avas represented by areas of A’-acuolated and shrunken 
fibers Avith collapsed stroma, lymphocytes, and fibroblasts. Other lesions 
included an overAvhelming proliferation of sarcolemma cells around de- 
generated muscle-fibers ; also an extreme vacuolation of the muscle-fibers 
so that these appeared to be “bloAvn out.” One can only believe from 
these results tliat the hyperthyroidism 2Jer sc produces at most very 
slight lesions, though it may have an adjAivant action, preparing the 
myoeaixlium for the attack of any terminal infection or toxemia. 

Forty-four injected rabbits AA’cre examined together Avith forty-three 
controls. The lesions found in 13.7 per cent of the controls (i. e., nor- 
mal rabbits from stock) Avere surprising in degree and kind. The lesions 
in the exj^erimental animals differed only in quantity and that slightly 
from those found in the control series. Hei’e again one is forced to con- 
clude that thyroxine, though gh'en in amounts sufficient to render the 
animals markedly hyperthyroid, produces at most only insignificant 
morphological changes in the myocardium. 

DISCUSSION 

Both the autopsy and the experimental material thei'efore point to the 
fact that h 3 i)ei’th}T.'oidism by itself produces no specific lesions in the 
myocardium. It is conceivable that damage produced on the one hand 
by physiological Avear and tear and on the other by any associated in- 
fection or other disease tends to be more accentuated in the individual 
Avith hyperthyroidism than in the normal one. Whether such cases as 
those described by Fahr,* Goodpasture,'’ and Lbaa'is,® and occurring 
tAvice in the present series, in A\fiiich profound damage is present AAnthout 
any co-existing complicating disease — AA’hether such represent the results 
of a toxin deriA’^ed from the thyi'oid gland and circulating in the blood, 
it is difficult to be certain. But the evidence at present points against 
the occurence of a specific causal toxin producing specific mjmcardial 
lesions. 

It is felt that in the past too much emphasis has been laid upon the 
morphological changes in the myocardium with consequent neglect of 
important alterations in the metabolism and function of the muscle- 
fibers. In this connection attention may be drawn to the recent work 
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on the glycogen content of voluntary and cardiac muscle in lij’^per- 
tliyroidisin.®’ " It has been shown tliat in the experimentally pi’oduccd 
disease no glycogen can be found microscopically or by analysis in the 
mj^ocardium. As a result of this, rigor mortis sets in immediately, a 
fact which the present authors can abundantly confirm from their ex- 
perimental experience. It is well-known that the withdrawal of glyco- 
gen from cells normally well supplied with it renders them more liable 
to injuiy, injiuy to which they react by diminished fund ion and actual 
structural change and death. This problem has been well examined in 
the case of the liver and one may well believe that similar reasoning can 
be applied to the myocardium. It seems more than probable that a close 
examination of this and other plysiological problems will bring one 
nearer to the understanding of the cardiac abnormalities in hyper- 
thyroidism. 
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THE HEART RATE DURING SLEEP IN GRAVES’ DISEASE 
AND IN NEUROGENIC SINUS TACHyCARDIA^ 

Ernst P. Boas, M.D. 

New York, N. Y. 

A PERSISTENTLY rapid heart rate is one of the most characteristic 
^ features of Graves’ Disease. It is caused chiefly by one or all of 
the followung factors: The increased consumption of oxygen by the 
tissues which necessitates an increased minute-volume flow of blood to 
which the acceleration of heart rale contributes; the action of the altered 
tliyroid secretion on the heart itselP ; the action of the altered thyroid 
secretion on the sjmipatlietie nervous system leading to a neurogenic 
tachj’’eardia superimposed on the basic acceleration determined by the 
first two factors. 

The presence of an xmexihlamed sinns tachycardia properly suggests 
the existence of Graves’ Disease; yet in many instances such a rapid 
heart rate is due solely to neurogenic or psj’^chogenic factors. Neuro- 
genic sinus tachycardia is caused only by a disturbance of the nervous 
regulation of the heai’t, which interferes with the usual well regulated 
reflex adaptation of cardiac function to the needs of the body. 

The determination of the basal metabolism is useful in distinguishing 
these two types of tachycardia, for oJil.v the thyrogenie tachycardia is 
associated with an elevated basal metabolism. Although there is a close 
parallelism between the basal pulse rate and metabolism in successive 
observations on the same indmdual,- the relationship between the pulse 
rate and metabolism of different individuals is not so marked. The 
pulse rate cannot be taken as an absolute index of the activity of a given 
case of Graves’ Disease, although an extreme degree of tachycardia sug- 
gests a greatly increased metabolism."' A marked discrepancy, particu- 
larly the association of a slow pulse vdth a high basal metabolic rate 
challenges the accuracy of the basal metabolism estimation. A heart 
rate that is unduly rapid as compared to the basal metabolism is usually 
determined by reflex acceleration. 

Another method of differentiating neurogenic from thyrogenie tachy- 
cardia is by the determination of the minimum heart rate during sleep.^ 
I have shown elsewhere“ that the minimum heart vate during sleep is the 
best measure of the intrinsic chi’onotropism of the heart. The average 
minimum heart rate during sleep of normal males is 53, of females 58 
a minute. In patients -ivith Graves’ Disease the high metabolism and 
the direct action of the thyroid secretion on the heart muscle persist 
dui’ing the full twenty-four hours. Reflex excitation by way of the 

♦From the Medical Sendee (Dr. George Baehr) Mt. Sinai Hospital. 
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unstable sympathetic nervous system diminishes greatly during sleep, 
so that with the abatement of these neurogenic overtones there will be 
a slight reduction in heart rate during sleep. The residual tachycardia 
is a rough measure of the degree of thyroid intoxication. A pure neuro- 
genic tachycardia, on the other hand, almost disappears during sleep 
so that the figures approach those of normal individuals. 

In this paper are presented studies of waking and sleeping heart rates 
recorded continuously with the cardiotachometer" of nine patients with 
Graves’ Disease and ten Avith neurogenic sinus tachycardia. ObserA'a- 
tions Avere begun in the late afternoon and Averc continued through the 
night until the next morning. In a I'caa’’ cases the heart rate Avas record- 
ed continuously for twenty-four hours. In Tabic I are reeoi’ded the 
minimum sleeping, and the basal heart rotes, as Avell as the usual mnge 
of rate Avhile aAvake. 

Takle I 
ITeaiit Rates 


Females: 

GraA'cs' Disease 


Neurogenic 

Tachycardia 


52 Normal ease.s 
Males: 

GraA’es' Disense 


A^eurogenie 

Tachycardia 


51 Normal cases 


CASE 


A9 

AlO 

A4 

AS 

A17 

A3 

Av. 

D2 

D4 

D5 

DO 

D7 

D8 

DIO 

Av. 

Av. 

AG 

A12 

A13 

Av. 

D1 

D3 

D9 

Av. 

Av. 


MINlMtUt 

SLEEPING 


77 

78 

79 
88 
98 

114 

89 

04 

73 

53 

71 
04 
78 
59 
66 
.58 
81 
91 
95 
89 

72 
02 

52 
62 

53 


KASAL 


84 

82 

so 

91 

100 

127 

9C 

112 

82 

73 

75 

70 

80 

73 

SI 

70 
88 

108 

105 

100 

77 

08 

07' 

71 
61 


USUAL RANGE 
AVAKISG 


100 

100 lO 110 
90 to 100 
.00 to 100 
110 to 120 
120 to 140 

100 to 130 
90 to 100 
90 to 100 
80 to 9-5 
85 to 100 
100 to 110 
90 to 100 


100 to 120 
110 to 120 
110 to 120 

8G to 110 
SO to 110 
80 to 110 


BASAL 

METAUOL!S.\t 


+28 

+23 

+20 

+33 

+58 

+77 


+3G 

+55 

+57 

+13 


The patients with Grawes’ Disease liave liigl, minimum sieopina heart 
es, ovei 30 heats a minute higher than those o£ normnis. The inini- 

Th. 1 i the basal metabolic rate 

” ,r? ““ "■= - 

ken Alt rednetion in rate dm.ii,r. 

approach those of normals. In this the. dife ZidrZi’illrpti™:: 
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TOth Graves ’ Disease. The table also shows that the minimum heart rate 
during sleep is a better guide than the basal heart rate in determining 
the significance of a given tachycardia. This is particularly well brought 
out in Case D2 in which the basal rate is 112 but the minimum sleep^nff 
rate is 61 

In these patients it is often difficult to obtain relaxation sufficient to 
permit accurate estimation of the basal metabolism and the basal heart 
rate. It is well Imown that basal metabolism estimations, unless per- 
formed with the greatest care, are apt to be too high. In such eases 
the determination of the minimum heart rate during sleep serves as an 
excellent check on the accuracy of the basal metabolism test. At times 
this record is obtained with difficult}’', for patients with Graves’ Disease 
often have a very light and restless sleep. 



Fig. 1 represents a 17-hour record of the heart rate of a man with 
Graves’ Disease. He had had mild symptoms for a number of years, 
which had become greatly aggravated during the preceding three months. 
His basal metabolic rate eleven days before the study of his heait late 
was plus 55 per cent. The heart rate during sleep dropped to a mini- 
mum of 91, which is almost 40 beats higher than the average for normal 
individuals. Yet this minimum is low compared to his heart rate while 
he was awake, and in particular to his basal heart rate. It suggests 
that he was not fully relaxed at the time the basal heart rate and basal 

metabolism were measnired. . , « 

Fig. 2 is the curve of heart rate of a negro woman with Graves 
Disease, before and after operation. She, too, presented the classical 
sjmiptoms of Graves’ Disease. Her basal metabolism at the time of 
the first study was plus 28 per cent. Her heart rate, as observed at 
her visits to the clinic, ranged from 110 to 130. During the period of 
observation with the cardiotaehometer the rate was lower and reached 
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V 77 finTiiio- slcPT) Avhich, however, was 20 heals higher 

fi^prosenl. tl,o ho„rt ™tc of . won.m. .■>««! 40 xvl.o clpri,.,. a 
period of lervation of over n year a. flu- d.^ao.savy ),ad ahvajj 
Limited heart vates nn.ffing from 112 lo ISO. She had „o a.g.m of 



Fig-. 3. — Seventeen liour record of lieniT mte of n woninn witli neurogenic .sinii.s 

tncliyc.'irdla. 


Graves’ Disease hut had a mild systolic hypertension of ahout .100/80 
fvith sliglit left ventricular enlargement, and a basal metabolism of 
minus 2 per cent. During her pei’iod of oh.servalion with the eardio- 
tachometer, when she was more relaxed and not so conscious tlmt. she 
was being observed, the heart rate did not reaeli the high figures lhal 
had been noted during her visits to the disiiensary. It, ranged round 
100. During sleep it dropped to a minimum of 73. This ease also 
illustrates the fact that in patients with neurogenic sinus tachycardia 
the heart rate during sleep docs not dc.seend to quite as low a level as 
in normal individuals. This point, dc.serves further study, for it may 

otfer a clue to the better understanding of the mechanism of this dis- 
order. 




Tin: AMi:F:trA.v ntUKT aot irSAi. 


Tiif‘ hci'.rt riUYS <•}' j>a{i«‘nts \vi?h an*l \\\\h ii' 'ar=>v> r.- ■ 

sinus tacliycanlia havr- Ix-en stinlix<i with the «'ar<lif)t:...'hatn' r- r. In 
Oravt's’ Disxasi' thniv is litth* rf<liK-ti4in in heart ra{»‘ durst!’.; s!-’ p. 
tlie inininturn sleej))!!!.' rate is on the nvcraire ovit Ixats i-.ix'h’ r ih.^} 
th.-if of nftrma! indivithiais. In neuro-genii’ sinus tnehyea.rdia ttsr h‘.;rf 
rate shows a marked reduetion durinir sleep, hut do-’s not uujfi- 
the low level observed in normal individuals. The niea.s'.irerii-f.t of te.-' 
he.’irl rale durin-r sleep is of diairtiostie vahie in di'tinoiiisliinc thyr-- 
<>renie from neuroirenie taehyeardi.’is, and also serves as a rmtirh - hi >4; on 
the reliability of the basal inetabolisu) fletenuination. 
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THE SIGNS AND SYMPTOMS OE HEAUT CHANGES IN 

TOXIC GOITERS' 

A OuNicAL Study of 148 Cases 

Clouoii TuraiL., BunNETT, M.D.. Dumun. M.D. 

Denver, C 01 . 0 . 

q-HIS is a suuly of 117 coses of toxic goilcH ''We'"'-" “ 

i the Colorado General Hospital between Fcbrnaij -4, R - , 

Anril 1 1932 and of 31 cases seen in private practice in the sail • 
soa A>;™ctically tl,e sa.oe pcM. a lolal of 1 48 eases vevonv , 

from «.c slaiKlpoiot of signs anti symiitoins of heart jmolteim i 

toxic "oitcr. The Coloratlo General Hospital mnlev.nl was aclcaccl hc- 
1^0 It re, .resets the eomhined .-oeords of 1l.e medical and surg.eal 
scTiees of this institntion and the work of eight attending phys.eians 
and snvgeons with their stnlt officers. It tints re, .resents a cross secl.on 
Of the observations of tlie average teacbiiig hospital in this eonntr} , nitli 
dne allowance for the fact that Colorado is not in a goiter area and tlvat 
all of these patients lived at an average elevation of at least one mile 
above sea level. 

In the tables relating to symptoms and signs other than pul.se and 
blood pressure findings, and in their discns.sion. there has been no at- 
tempt to classify into types of goiter as exophthalmic and toxic adenoma, 
the presence of excessive or abnoriiial thyroid .secretion being considered 
sufficient for inclnsion in onr scries; whore such a differentiation was 
made the biopsy diagnosis was accepted in all eases operated n]>on. 

Sex . — There were 32 males and 116 females. 


Tarix I 

AOE DiSTRIBUTIOK of CASE.S SlIOlVING E.\-CF-«;SJVE ok AhNOIIMAI, THYItOm SEeilETlOS 




20-30 

30-40 

40-50 

.50-00 

00-70 

TOTAT/ 

Age when first seen 

■ 

7 

29 

35 

43 

24 

10 

148 

Exoph. goiter 

Age when first seen 

G 

m 

B 

18 

B 

c> 

SI 

Toxic aclenomn 

Ago when first seen 

1 

0 

, 6 

1 

21 

13 

B 

54 

Alixed group 

Age when first seen 

i 

2 

4 1 

B 

i 2 


13 

Signs of heart disease 

5 

i 

20 

38 

1 

37 

19 

H 

30G 

Sj’inptoins of heart 
disease 

7 

23 ■ 

2f. 

37 

20 

5 

118 

Largo heart 

1 

8 

7 

11 

14 

3 

44 


Prom the Univer.sity of Colorailo School of ATeillcinc -and Ho.snitals. 
or f^ppeavs in iWs paper, it refers to cxoplithalniic KOiter 

or to.\ic adenoma of tlie tlis'roid, no attempt being made to differentiate tlio two tvpes 
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Age.~The average age of t]ie males ^vas forty-two years: tlie oldest 
was seventy and the youngest twenty-three. The average age of the 

emales was thirty-nme years, the oldest being sixty-five and the vouno-- 
est sixteen. 




TMjrotoxic 8ymx>toms . — The symptoms complained of, which could 
reasonably be ascribed to the dysfunction of the thyroid gland, quite 
aside from any resultant or co-existent heart disturbance, were as fol- 
lows: nervousness, weakness, loss of weight, loss of strength, easy fa- 
tigue, tremor, sweating, flushing and sensations of warmth, increased 




*1 
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nuHNKTT AN-n ni'iiiuN : iii:akt <'itAN(ii;s IN TOXIC conT.ii 

,n,n,.|itr. gnslvo-inlosluml --.v sv'.iplo,,,.-:. |,,|„.v|,yr..yi„ n,,.- 

tta.nl iuninwiitv. inM.,„„in m.tl ml., If, I rfSl„l,.,..H fl 
.•ilabilily. s.v<.|lii,K ,>i: ll,f I""""'- 

(ions as dvspliu'ria. difikitifr. ofc. ^ 

Suwplims of Jhnvl Involvnmnf .« .//K Toxw (Untn- ( as, s,~ 
non'on oxortion was tho inasl froiiunitly nnlad synipU.in. hciu- present 
in S:i eases, or at! j)or eent. Orthopnea was lu.led in !» eases, or (> per 
cent. Palpitation ranked next in iinportanee. hein^' present in eases, 
or od jier eent. I'orty-seven ease.s (:12 per eent) euin)>tain«‘d oi tneh\' 
oardin in addition to .some other .symptom nsnnlly aeeepted as indieative 
or heart disease. Next in order npjx-ared swellintr of the feet or tuikles 
(: 17 . ‘ 2 o per eent). preeordiai or suhslenml pain (IS. P 2 p.'f rent ?, heart 
conseionsne.ss (- 1 . tt per eent). dir/.ine.ss ( 11 . 7 per emit i, and i-ardiae ir- 
refrularity (o. :i per <“ent). 

In tlii.s series of 1-1, S eases of thyrotoxie disease it wtis found that 
symptoms of heart disease apjieared in eases (approximateiy sit per 
cent) in tlie followin': order of freipn-ney; 


T.mu.v. It 

Hr.vnr .s'v.\U‘TOM.s i.v 1 is or Toxo- (Uw-;, f; 

l’i;!;»’i:s';v.or. 'I'.uu.n 


tly.sjiiu'.H (ir (jliorliieis of lirc.'itli u:!" 

1 of in '•a 


(if wtiicti orllifiiiiicn \v;i« ari?f<J in 

;i 


ralpit.'Uion 

Ts 


Tncli.vc.'irdju 

•5 7 


Swdl'ui!: of ankli H 

.17 


I’rOMirilial nr .■•uli'iteriinl jiain 

J*- 


Db.zincpK 

It 

7r:- 

Irroctilarify of lieart 

.» 

*• .V 

Heart conKcifiii!(ne““ 

t 

'i 

'If' 

A V 


Si(ivs. — Taehy<-ardia was found on examination more than twice as 
frequently as complained of. liein*: ]>resenl in 107. or 72 per rent. This 
can hardly he aeeepted as a si'^Mi of lieart invtdvement in to.Nie !:oiter. hut 
merely ns a measure of the physiolo'riea! response to inerensed demands. 
The pulse was normal (70.f)0) in 2:?. 1(! per rent, and slow fhelow 70) in 
one case. 


riie. heart was noted as enlaroed (iiidi<‘nted hy the position of the 
apex bent, the percussion honhu-.s, x-ray. or any eomhin.-dion of these 
three mctluKis) in -l-l. or 20 per eent ; the avera'.;e a'je of this frroup was 
41.18 years. In 20 eases heart films were taken. In Table 1 and h"l<:. J 
it is scon that lieart enlargement wa.s noted ehiedy in tiie fifth to sixth 
decades, althou}:h the peak of n«.:e ineidenee for the total series fell in 
the fourth and fifth decades (see Fij:. 1). 

A sy.stolic miirnnir at the ajiex was noted in '.!) eases f-IO imr cent ) • 
m Table III wc fn-osent the availahlo data as to transmi.ssion. 

Ihe sy.stohe. blood pre.ssure was IfiO mm. or above in 20 e.ases and the 
chaslohe was fiO or above in ease.s. The am' perio.Is in which these 

occurred IS .shown in Fio IV. 'nun hum 
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Table III 

Heart Signs in 148 Cases of Toxic Goiter 
Percentage Table 


Normal heart, no signs other than tachycardia, 

Normal pulse, 70-90, 

in 34 cases, 23% 

23 

16% 

Tachycardia, above 90, 

107 

72% 

Heart enlarged 

44 

30% 

Blood pressure, systolic ICO or above. 

29 

20% 

diastolic 90 or above. 

33 

22% 

Systolic murmur at apex or pulmonary area. 

59 

40% 

Systolic murmur at apex or pulmonary area, transmitted. 

Systolic murmur at apex or pulmonary area, not transmitted 

24 

16% 

9 

6% 

Systolic murmur at apex or pulmouary area, uo uote as to transmission, 26 

17% 

Arrhj'thmia, total cases 3G, 24% 

Auricular fibrillation 

21 

14%, 

Auricular flutter 

2 

2% 

Arrhythmia, extrasystoles. 

7 


Arrhythmia, unclassified (no electrocardiogram) 

6 


Ehoumatic heart disease, mitral (presys. or diast.) 

6 


Other abnormal signs 

First sound at apex, poor quality, 

4 


Eough first sound 

3 


Slapping sounds 

3 


Systolic shock 

3 


Artery sounds increased 

3 


Thrills, systolic and presj'stolic 

3 


Tic tac f 

Booming sounds 

J. 

18%, 

Po accentuated 

27 

Edema 

n 

7%, 

Liver enlarged 

5 


Cyanosis 
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J’erlijips lilt* {zirntcst surprise was the infr(HHU'ncy et iirrhylluiiia. 
This was not<-d in hut :h3 eases (22 per cent); uf tliese there wen* 

(12 per cent) of auricular fibrillation, 2 (2 jifr eentl ol auricular fluttc'r, 
and 7 (a jier cent) ])reinature <‘(mt met ions. In (» the dislurhanee. was 
unclassified (no elect roeardio'iram.) Other less fnapiently enetnmtercd 
siirns, oeeurriufr inde])endently or in association with one or more oi 
the previously discussed sijrns, are jirescnicil with their trciiuency of 



incMenoo i„ III. l.onr, ,v„s 

tnliiolj liy ..vci-y mcmis or vsninimilioi, i,,,,;. 

; ™ 

V <d' Id.ysieal examination, in .some hv 

X'laj and flu* elect roc’ardioe-i'jiuj^ 

Siorns of decompensation occurred in only 1't (n ncr oenn 

these II, ore ,v„s .lopoo.l,.,,, o.Io,,,,, i„ 11 (-'p',' ,1 |, . ..'T'"' 




Heart Sigks and Symptoms by Decades and According to the Duration op Symptoms 



Heart signs persisting aft- 
er thyroidectomy 1 1 G 3 1 11 cases 

Criteria : Signs — more than tachycardia alone ; e. g., heart enlarged, murmurs, B. P. -h , edema, EKG abnormal, etc. 

Symptoms — more than tachycardia ; e. g., dyspnea, pain, palpitation, etc. 
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DulmoBaTy second sound was accentuated in 27 (18 per cent) ^Miethei 
this is indicative of anything more than the toxic effect on the heart or 
whether it is an indication of early decompensation is a matter iox 

in Thyrotoxicosis at ^Yhich Heart Signs and Symptoms First 
Appear.— Reference to Table IV shows how frequently both signs and 
sj^mptoms of heart involvement occur in the early months of thyroid in- 
toxication. Examination of Fig. I shows that this appears to be about 
propoi'tional to the age distribution of our eases. 

PxilsG . — An attempt to study the pulse and blood pressure records of 
these cases indicated the need of determining the relative age incidence 
of the cases of exophthalmic goiter and toxic adenoma in this series. 
Pig. II shows that in the first group of eases the peak is reached in 
the fourth decade, while in the second group it is reached in the fifth 
decade, a finding entirely in accord wdth previous observations. 

Employing the same method of study, it is found by reference to 
Fig. Ill that, if we compare the pulse records between the ages of 
twenty and sixty years, the pulse rates in exophthalmic goiter are con- 
siderably higher in the third and fourth decades than in toxic adenoma, 
that the curves cross in the fifth decade, the toxic adenoma cases show- 
ing a higher rate than the exophthalmic cases, and that the curves 
again cross in the sixth decade, the adenoma eases showing a steady 
decline in pulse rate. Our series presented only twm cases of exophthal- 
mic goiter in this decade, one a fibrillator with a rate of 170, the other 
with a regular rate of 90. 

A similar comparison of the systolic and diastolic blood pressure of 
exophthalmic and toxie adenoma cases shows (see Pig. IV) that the 
systolic pressures in these two types, while fairly parallel, are inconstant. 
The diastolic pre.ssure curves show a slight but constant elevation in the 
adenoma group. 

Electrocardiogram. — An electrocardiogram was made in 62 eases of 
our series. Slui-ring of the B-wave ivas noted in 46 instances, and the 
most striking deviation from the normal was the occurrence of slui'ring 
in all three leads in 18 cases (29 per cent of the curves). Axis deviation 
occurred in 24 eases, to the right in 7 and to the left in 17 eases. The 
type and frequency of arrhythmias have been discussed earlier in this 
paper. Notching of the P-wave occurred in 25 cases (40 per cent of the 
curves) . It was observed in all leads but notably in Leads II and III. 

Antecedent Bheunwtic Infection.~Jt was found that definite sio-ns of 
rheumatic carditis occurred in 6 of the 148 cases of toxic -oiter This 

fining mvalidates to this extent the notation of heart iinditigs as a part 
ot the thyroid heart picture. 

of the Amencan Heart Association by the various hospitals tviiore there 


hope lor the utilisation of reeorda for later s.atlstie:, ^^eiiZi 


is 
study. 
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DISCUSSION 

Criteria-.—We have excluded tachycardia as evidence of involvement 
of the heart other than as evidence of increased demands. We feel that 
the remaining ciiteria, some of 'which admittedly are at times noted in 
conditions Avhere there is no evidence of heart involvement, in general 
are accepted as evidence of heart disturbance at least of a functional 
tjTie. In a preliminary grouping of toxic and non-toxic goiter in a series 
of 196 eases we excluded many eases from the toxic group because there 
appeared to be some question as to true thyroid toxicity; therefore 'we 
believe this presentation of heart signs and symptoms in toxic goiter is 
accurate within the limitations of the number of eases presented. 

Detailed Discussion of Symptoms of Heart Involvement in Toxic 
Goiter . — Dyspnea occurred slightly in excess of any other symptom (56 
per cent). We were surprised to note that this symptom was complained 
of more frequently than tachycardia or palpitation. 

Palpitation ranked next in frequency (53 per cent). Numerous 
authors have emphasized the importance of this S 3 "mptom. ICerr and 
HenseP believe tliat this very often represents a transient auricular 
fibrillation or flutter. 

Dependent edema was complained of in 25 per cent and noted on ex- 
amination in 7 per cent of our cases. Willius, Boothbj’’ and Wilson- 
noted this in one-fifth of their eases. This was the only sj^mptom noted 
which was especiallj’' associated with congestive heart failure and it is of 
interest that 25 per cent of our eases, which we considered had sj^mptoms 
and signs of heai’t disease, complained of swelling of the legs or feet. 

Precordial or substernal pain was noted bj’- 12 per cent. Dameshek® 
records this in 13.5 per cent of his series of 141 cases. The frequencj’' 
of precordial pain in neurotic states and the recognized effect of the 
thjToid toxin on the neiwous system renders this as a sole sjunptom of 
heart disease of very doubtful value; however, no cases included failed 
to show some other symptom of heart disease. In an undetermined num- 
ber of the older patients cardiosclerosis may have been a factor, although 
we have no electrocardiographic evidence on this point. Certainlj^ pain 
cannot be considered a common sj^mptom in thyrotoxicosis. 

Vertigo was complained of in 7 per cent of the cases, and an additional 
3 cases complained of fainting attacks. Since the average age of the 
patients experiencing vertigo was 39 j'^ears, this can hardlj'" be attributed 
to arteriosclerosis. The average systolic blood pressure in this group 
(vertigo eases) was 134 mm., the average diastolic was 79, and the av- 
erage pulse pressure was 55, which would seem to indicate that some fac- 
tor other than cardiac was the basis of vertigo in these eases. We sug- 
gest vasomotor instability associated with thjwotoxicosis as a more prob- 
able explanation. 

Cardiac irregularity was complained of bj^ 3 per cent of the patients, 
although it was noted in 22 per cent. In view of the recognized neurotic 
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tendency of tliese patients it is interesting tliat this striking symptom 

n’as not more frequently mentioned by the patient. ^ _ 

Heart consciousness ^Yas spoken of by only 4 patients in ac i ion 
the 18 ivho complained of pain, a point of interest as noted in the preced- 
ing paragraph in connection ivith cardiac irregularity in this type ot 

^ We noted symptoms of heart disease in 118 of the 148 iiiclndod cases, 
whereas signs were noted in only 106 of these. Willius= and his associ- 
ates state: “The most outstanding fact is the infrequency in botli types 
(exophthalmic and adenoma) of symptoms indicating the heart.” No 
doubt their criteria were more rigid than ours. Kerr and Hensel’ noted 
more or less marked cardiovascular symptoms in 44 per cent of 181 
goiter patients, but of their eases approxima1,ely 50 per cent of the 
adenomas were considered nou-toxie, reducing thereby their toxic series 
to about 148 cases, in other words, a group numerically similar to ours. 
Their figure of 44 per cent of eases showing cardiovascular symptoms 
should tlien be corrected to 65 per cent of the toxic cases in comparison 
with our figure of 79 per cent. 

We were unable to note any difference in the symptoms in the two 
tjqies, but such difference as seems to exist appeared to depend upon the 
age of tlie patient, duration of sj’-mptoms and the condition of the heart 
at the moment of the onset of the toxic insult. 

We considered a heart normal if there were no physical, x-ray or elec- 
trocardiographic signs of abnormality other than tacliycardia. Dame- 
shek^ has emploj^ed less rigid criteria for the normal heart in that he has 
eonsidei’cd a blowing systolic murmur (no note as to transmission) as a 
normal heart finding. With our standard we found 23 per cent in which 
there are no signs of heart abnormality. 

Our standard for a normal pulse rate, 70 to 90, may be criticized; but 
it should be noted that all of these patients were residing at the time 
of observation at an altitude of one mile above sea level, where an in- 
crease in heart rate of at least ten beats per minute as compared to sea- 
level standards is considered well within normal, and rates of 85 to 90 
are so frequently encountered in the normal individual that it seemed 
wise to establish this wide range of 70 to 90 per minute. 

We feel that we do not possess satisfactory evidence regarding the 
duration of toxic symptoms in relation to heart enlargement, bnt we 
show that demonstrable heart enlargement occurred in 30 per cent of 
our cases and notably at the later ages in which thyrotoxicosis occurs 
(see Fig. I). A study of Pigs. I and II suggests that toxic adenoma 

bears a greater causal relationship to enlargement than does exophthal- 
mic goiter. 


We made a study ot enlargement in reterence to the duration of smnn- 
toms existing murmurs, etc, in an attempt to learn in what proportion 
the cases enlargement was probably due to hypertrophy and what 
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proportion due to dilatation, but we were unable to arrive at any con- 
clusion. We found enlargement without electrocardiographic CAudence 
of myocardial damage, a point previously noted by McBachern and 
Kake.^ 

We noted apical systolic murmurs (40 per cent) mueli less frequently 
than shown by Dameshek,^ Avho stated that only 10 to 15 per cent failed 
to shoAv a loud, bloAving systolic murmur. Willius^ and his co-Avorkers 
noted murmurs in nearly one-half of their eases. Excluding 6 eases of 
probable preexistent rheumatic endocarditis, Ave had 18 cases or 12 per 
cent in AAdiich the apical systolic murmur Avas found to be transmitted. 
Willius,^ et al., classed these apical murmurs with a variable transmis- 
sion as probably dilatation murmurs, a view AAutli Avhieh we agree in the 
majority of eases. 

Signs of congestive heart failure Avere noted in 13 per cent and in 
both exophthalmic goiter and toxic adenoma. Four eases occurred in 
the absence of auricular fibrillation. 

Our records do not corroborate former statements as to blood pressure 
in goiter. Willius,- et al., stated that in exophthalmic goiter the pulse 
pressure is increased. We did not find this to be the case in the early 
decades ; but there is this tendencj’- in the later decades, although even 
at that period it is not striking. In adenoma the average diastolic pres- 
sure reaches a peak at betAveen forty and fifty years, which is also the 
peak of the age incidence in our series ; and at the same period the highest 
average systolic pressures are recorded. We do not feel that Ave are 
justified in making any general statement as to blood pressure in toxic 
goiter, other than that in toxic adenoma there does appear to be a sub- 
stantial increase in the diastolic pressure. 

Other Abnonnal Signs. — A variety of signs frequently noted in con- 
nection with cardiovascular changes associated AAdth thyrotoxicosis are 
listed in Table III. Rough and impure first heart sounds might avcU 
have been described by some other observer as S 3 ^stolie or presj^stolic 
murmurs, a fact to be borne in mind in the differentiation of mitral 
stenosis and the hyperthjuoid heart. So far as Ave could ascertain, none 
of these presented other CAudence, historical or physical, of rheumatic 
heart disease. The slapping and booming sounds and systolic shock to- 
gether with increased artery sounds all denote an overaetiA^e heart and 
form part of the clinical picture of hj^erthyroidism, but Avhether they 
indicate more than simple overactmty remains to be proven. Smith and 
Colvin® incline to the vieAv that these sounds are indicatRe of hj^per- 
trophy Avhen noted in the absence of definite signs of aortic insufficiencj’". 
It is possible that some of the 6 cases, which we grouped as rheumatic 
heart disease associated AAdth toxic goiter, maj’’ haA'e been instances of 
marked vascular phenomena of lij’^perthyroidism. 

Arrhythmias.— i^ext to persistent tachjmardia the most striking heart 
sign in toxic goiter is the eAudence of auricular fibrillation. Certain 
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•autkors state that this is a purely functional condition~a statement 
difficult to disprove in certain instances, but its frequency m toxic goite 
(our series 14 per cent; White« about 20 per cent) strongly suggests a 
profound, though possibly transient, change in the heart muscle. 

The Electrocardiogram in Tone Goiier.~In only a few instances were 
later or post-operative curves made ; hence we have no means of de- 
termining whether the changes noted were transient or permanent. 

While E-wave slurring near the base line may occur in normal trac- 
ings, it is generally accepted that-slurring of the R-wave in aU leads is 
never normal, and we found 29 per cent of the curves presenting this 
abnormality. Left axis deviation in 27 per cent of the curves is probably 
explained by the long continued cardiac overload maintained by these 
cases. Eight axis deviation was noted in 7 cases. Pardee' considers 
this is a proof of mitral stenosis. Six of our goiter eases also presented 
clinical evidence of mitral stenosis. 

Smith and Colvin^ in a series of 100 hjqierthyroid cases found a defi- 
nite increase in the P-wave. With this observation we do not agree. We 
noted notching of the P-wave in 40 per cent of our curves. This is an 
incidence only slightly higher than that noted by Pardee, who stated that 
about one third of normal eases will show this change. A study of a 
larger series ivould seem desirable. 

Several authors have noted T-wave changes, notably increased ampli- 
tude, which they considered specific. Our curves do not substantiate 
this. We have not noted increased amplitude of the E-wave as reported 
by certain authors. 

We found definite electrocardiographic evidence of m 3 mcardial change, 
in addition to the disturbances in rliythm in a sufficient number of eases 
to warrant the conclusion that mjmeardial damage does occur in toxic 
goiter. We did not find any electrocardiographic sign or signs which 
we consider specific in toxic goiter. 

SUMMARY 

We have shown that about one third of our cases had enlargement of 
the heart at the time of examination; in some of these we have reason to 
believe this was persistent, but are unable to present figures on this 
pomt. We found apical murmurs in two-fifths of the cases. Since some 
apical murmurs persisted after the clinical improvement of the patient 

we concluded that at least some of these were not due solely to cardiac 
dilatation. 

H presenting signs of heart disturbance reveals 

that 106, or 71 per cent, showed some sign exclusive of tachycardia dim- 
ing the toxic state. In 11 cases (7 per cent) definite heart signs per- 
ns to oouT thyimdectomy. These observations lead 

conclude that at least temporary lieart damage is present in an 
prox^ately t.vo thirds of tte cases duriog the toxic sfageh“ira' 
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small group tliis damage is permanent. Others have presented theories 
and substantiating evidence as to the cause of this damage ; but whether 
or not observers admit lieart damage in toxic goiter, all agree that the 
cardiac manifestations occupy the center of the stage in the vast ma- 
jorit}^ of the severe cases. 


CONCLUSIONS 

That the heart is gravely involved in the course of goiter intoxication 
is evident ; that in the average case it is permanently damaged is neither 
proved nor disproved by these records. The fairly large number (46 
per cent) of individuals in whom the condition after operation, with a 
resultant drop in the basal rate, is either not improved or is doubtful, 
and in whom the pulse rate remains somewhat elevated (above 90 in 33 
cases) and dj-spnea of some degree pez’sists, strongly suggests that the 
heart has not full}’’ recovered from the toxic insult ; but nothing is pre- 
sented in this study to prove the natui'e of this damage. It would seem 
that one is not dealing entirely with the “old heart” in these cases, but 
that at any age the toxins associated •noth goiter may so affect the heai’t 
as to cause some degree of permanent damage. 


REFERENCES 


1. Kerr, W. J., and Hcnscl, G. C. : Observations of the Cardiovascular System in 

Tlivroid Disease, Arch. Int. Med. 31: 39S, 1923. 

2. Willius', P. A., Boothby, W. M., and Wilson, L. B.: Behavior of the Heart in 

E.voplithalmic Goiter and Adenom.-itous Goiter With Hyperthyroidism, M. 
Clinics N. America 7: 189, 1923. 

3. Dameshek, W. : Heart in Hvporthrroidism, Boston M. & S. J. 190: 487, 1924. 

4. IMcEachcrn, D., and Bake, G.: A Study of the Morbid Anatomy of Hearts Prom 

Patients Djung With Hyperthyroidism, Bull. Johns Hopkins Hosp. 48: 273, 


5. Smith, J., and Colvin, L. T.: Certain Cardiovascular Features of Hyperthy- 
roidism, Ann. Clin. Med. 5: G16, 1927. 

G. White, P. D.: Heart Disease, New York, 1931, Macmillan. 

7. Pardee, H. E. B.: Clinical Aspects of the Electrocardiogram, New lork, 1924, 


Hoeber, 


fFor discussion, see page 144.) 



4 CLINICAL STUDY OP GOITER IN THE PACIFIC NORTII- 
4YEST WITH SPECIAL REFERENCE TO THE STATE 
OF THE HEART*^ 

Noblk W. Jones, JLD., Dean B. Seaerook, I^I.D., and 

R. !MeNNE. jR.D. 


Portland, Ore. 

F or a number of years it lias been known Ibat endemic goilor pic- 
vails in the Pacific Northwest. Prom sporadic surveys' and from 
the results of the draft examinations it has been thought to be more 
frequent in this locality than in any other section of the United Statc.s. 
Surveys, however, conducted by the Public Health Service^ would indi- 
cate that its incidence of goiter is less than that, of ^liiincsota, in which 
region goiter finds its greatest frequency. The region of the Pacific 
Northivest embraces in gcnci’al that part of the liiiitod States and Y e.st- 
ern Canada wdthin and supplied more or less by the water sheds of 
the Cascade IMountains. It therefoi'c includes Oregon, Washington and 
British Columbia and portions of Idaho and IMontana. Utah and 
lYyoming also have a comparatively high iiieidcnce, and w’hcn added to 
that of the Cascade l\rountain district, gives to the entire series an 
incidence varying between 10.01 and 27.00 per 1000 of population. A 
local survey among cliildrcn of public .school age in Oregon- revealed 
nodular goiter in 1.8 per cent of the boys and in 4.1 per cent of the 
girls. The cause of the high ineideneo of goiter in this region lias 
been generallj' attributed, especially since the studies of iircClcndon 
and Hathaway, to the low’ iodine content of the water which is used 
not only for drinking pin-poses hut also for the ii-i’igalion of vegetable 
gardens and orchards. The water supply of the city of Portland, for 
instance, is from Bull Run Lake, of glacial origin, which lies at the foot 
of Blount Hood, and contains from 0.03 to 0.10 iiarts iodine per billion 
parts of wmter. In comparison the water of New York City contains 
2.50 parts iodine per billion parts of w’atcr, and that of Stanford, Cali- 
fornia, 105.8 parts iodine pei- billion parts of w’atcr. 

In the pi’csent paper w'e have analyzed a scries of goiter patients 
studied and operated upon in the Portland Clinic dui-ing the years 1925, 
1926 and 1927. Approximately 1500 patients with goiter were regis- 
tered m the clinic during these yeans, of which number 1066 came'" to 
operation because of various surgical indications. Of the latter number 
835 have been analyzed from the .standpoint of the heart and the as.so- 
eiated pathological structural changes in the thyroid because sufficiently 
ac^e clinical data were noted in the histories to make such an analy- 

UnlX^y ol‘'oS"Me^dica^ Sc"hoof° of l^Iedlcino and P,-Uholo{,-y of tlio 

Read by Title. 
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sis possible. The majority of these eases belonged to the toxic nodular 
and the varying mixtures of the hyperplastic groups. Some nodular 
enlargements with normal basal metabolic rate and normal heart action 
were removed because of pressure sj^mptoms and for cosmetic reasons. 
The patients themselves, with few exceptions, came from diverse places 
within the Cascade Mountain district and represent quite accurately 
therefore the types of goiter with sj^mptoms found in this locality. 

In the analysis of the patients an attempt has been made to obtain 
a reasonably accurate idea of the presence or absence of cardiac enlarge- 
ment, of cardiac failure, and of auricular fibrillation in relation to age 
incidence, hjq)ertension, basal metabolic rates, associated cardiopathies 
and the type of the goiter present. Cardiac enlargement was determined 
in some instances by orthodiagraphic measurement before the fluoroscope 
or from the seAmn-foot plate. Both methods are relatively inaccurate; 
their results do not check well on repetition. JIany more instances were 
determined by percussion measurements on the chest wall and the loca- 
tion and character of the maximal thrust of the apex of the heart alone. 
The latter method is quite as satisfactory as the former. Cardiac fail- 
ure before the beginning of congestive signs is oftentimes difficult to 
recognize. It undoubtedlj^ existed many more times than are recorded 
in the tables. After dilatation of the right heart takes place and eAU- 
dence of passive congestion is manifest, the most serious of the complica- 
tions of thyrotoxicosis is present. Its significance depends, of course, 
upon the heart ’s response to preoperative treatment directed toAvard the 
failure, which, in turn, depends mainly upon the state of the myo- 
cardium and associated cardiac lesions, and not upon the duration or 
the degree of the failure itself. The character of the structural changes 
in the myocardium of the goiter patient suffering from thyrotoxicosis, 
and whether these changes are specific for the disease, is the problem of 
paramount importance which remains yet to be solved. It Avill not be 
determined by clinical studies, nor in all probabilitj'’ from human heart 
material. The presence of a related cardiac syphilis, a rheumatic heart 
lesion, or a cardioAmscular hypertensiAm disease may influence the occur- 
rence of fibrillation and of failure, but such diseases mask rather than 
clarify the question as to the cause of the peculiar toxic tj’’pe of heart 
action Avhich most clinicians of experience are agreed is not duplicated 
by other toxic agents. The problem must be soK'ed, if CA^er, by animal 
experimentation and the reading into the human problem of those find- 
ings Avhich seem to haAm a beai’ing upon the heart’s action of the experi- 
mental animal. 

For many years the classification of goiters has been made the sub- 
ject of much study. For some time past aa'c" have grouped the portions 
of glands remOA^ed at operation and the AAdiole glands obtained at autopsy 
according to their gross pathological characteristics and predominating 
microscopic pathologic structures in a manner AA'hich agrees e.ssentia]l3 
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with the clinical classification now adopted by the American Association 
for the Study of Goitei\ It is as follows: 

I, Diffuse ijareiicliymatous liypevplasia— marked increased activity. 

(1) Gross observations: Gland compact, vascular or ischemic, grayish to pink- 
ish white and colloid-free. 

(2) Microscopic observ.ations : 

(a) Hyperplasia and hypertrophy of epithelium. 

(b) Peripheral or general vacuolization of colloid. 

(c) Dilatation of lymph channels and eugorgcinciit of blood vessels. 

(d) Variable increase in the supporting stroma -with or without round- 
cell iniiltratioii. 

II. Disseminated adenomatous liyporplasi;i — normal or moderately increased ac- 
tivitj' or no aetivit}’. 

(1) Gross observations: Gland diffusely reddish-bromi without noticeable nod- 
ularity or accentuation of lobul.ar markings; a variable amount of colloid 
and pinkish to yellovdsh gray opacities. 

(2) Microscopic observations: 

(a) Poeal changes similar to those in group I. 

(b) Normal or colloid-distended alveoli. 

(c) Focal hyperplasia and hypertrophy of epithelium, 

(d) Interalveolar hillocks or intra-alveolar papillomatous projections. 

(o) Focal collections of round cells or pscudolym])hnodcs. 

(f) Focally increased vascularity and dilated lymph channels. 

(g) Focal fibrous increase of connective tissue. 

III. Nodular adenomatous hyperplasia — subnormal, normal or moderately inereasod 
activity. 

(1) Gross observations: Variable nodular accentuation of the lobular mark- 
ings ivith or without e.vccssii’e storage of colloid cystic degeneration, 
hemorrhage, scarring or deposit of lime salt. The color usually varies 
with the regressive changes. 

(2) Microscopic observations: 

(a) Focal changes similar to those found in groups I and II and com- 
pensatorj'. 

(b) Characteristic retrogressive changes. 

(c) Areas of adenomatosis. 

IV. Solitary adenoma. 

(1) Gross observations: Adenoma variable in size, circumscribed, solitary or 
multiple, grajdsh-white to dark reddish-brown, solid and cystic or colloid- 
filled. Eegressive changes may be present. 

(2) Microscopic observations: 

(a) All stages of fetal types of alveoli. 

(b) Peripher.al formation of pscudocapsule with round cell infiltration and 
compressed alveoli. 

(c) Focal hyperactive areas in adjoining parenchyma. 

(d) Adjacent areas of adenomatosis. 


It will be observed in this grouping of thyroid diseases on the basis 
of the gross anatomical characteristic.s that the basic liistological chano-es 
which bear evidence of increased secretion are essentially the saiL. 
t hat IS to say, regardless of the gross alterations we recognize no specific 
disease entities of the thjn-oid. All hyperseeretion is considered funda- 
mentally one and the same process differing only as it is influenced by 
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extent, degree, age, other intercurrent diseases, and its eifect upon other 
glands of internal secretion. The correlation of such a pathological 
anatomical grouping with the symptoms has been shown in a previous 
discussion. ° 

While the above outline permits a satisfactory pathological gi’ouping 
of the various toxic goiters we meet, there are many instances seen in 
which several gi’oups are represented in the structural picture of one 
gland from a pathological viewpoint and some others which clinically 
do not fit into the pathological group to which they are expected to 
belong. However, a certain degree of increased activity has been recog- 
nized in all of the glands belonging to the present series of cases, and, 
in a general way, it follows quite closely the degree of toxic heart action 
experienced by the patient. The heart action, incidentally, has been of 
more value in the recognition of mild thj^rotoxieosis than all other 
symptoms. 

For the clinical analysis of the eases in the series we follow, not the 
above pathological grouping, but a similar clinical classification, as 
follows : 

1. Diffuse goiter (a) nontoxie (b) toxic. 2. Nodular goiter (a) non- 
toxic (b) toxic. We have also attempted to divide the diffuse toxic tjTie 
of goiter according to the pathological picture into (a) diffuse paren- 
ehjTuatous goiter — true Graves’ disease, and (b) diffuse adenomatous 
goiter. This distinction cannot be sharplj' drawn, for many glands of 
each gi’oup show both parenehj^matous and adenomatous hyperplasia in 
varying degrees. Clinically, however, the cases are often distinct, for 
the one is more frequently seen in younger persons with acutely fulmi- 
nating symptoms, whereas, in the other case the person is usually older 
— ^lie has lmo^vn of the presence of a goiter for a long time, and his thy- 
rotoxic symptoms are less marked. Since the recognition of the use of 
iodine prophylactically and therapeutically, greater difficulty is encoun- 
tered in separating these groups clinically and pathologically. It is now 
unusual for the pathologist to observe a thyroid gland ■with the charac- 
teristic findings of exophthalmic goiter. 

In the table of general data (Table I) one notes, as has been observed 
by others before, that heart lesions in thyrotoxicosis appear most fre- 
quently in the middle and later decades of life. Its pathology is not 
an accepted entity ; it may not be at all specific, although the occurrence 
of enlargement and auricular fibrillation in patients in the twenties may 
suggest a specificity. What have been considered to be specific lesions 
of the myocardium in experimental animals have been described by 
Goodpasture,® Cameron and Carmicheal,' Hashimoto,® and Takane. 
Other investigators have denied significance to such findings. We have 
observed in experimental rabbits,^® to which had been administered thy- 
roid extract, thyroxin and desiccated gland substance from human hyper- 
plastic glands, monocjde, plasma cell and eosinophile invasion, fat 
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vacuole formation, moderate fibroblast increase and fraying of tlie 
muscle bundles. The control animals did not show these changes. The 
same lesions, including the fraying of the muscle fibers, were also ob- 
served in one rabbit which lived for six days after a bilateral sectioning 
of the depressor nerves and the destrojdng of the carotid sinus invest- 
ments. A continuous tachycardia was produced by this procedure and 
thyroid substances were not administered. This single observation— it 
is difficult to keep such animals alive after such a surgical procedure— 
suggests the possibility that the change in the strueture of the heart 
muscle is a traumatic and inanition effect due to the heart’s racing. 
Considered in this light the long continued taehj’-cardia of thyrotoxicosis 
may have a like effect, in which ease the lesion should be considered 
clinically quite as much an entity as though produced by toxemia. The 
effect of advancing age is seen, also, in cardiac syphilis, in cardiorenal 
disease and chronic atherosclerosis, and failure occurs in them most 
frequently during the middle decades of life. The age element does not 
argue against the specific nature of these diseases. The association of 
other heart lesions is seen many times, particularly sclerosis and chronic 
hypertension, and the addition of this new factor may have added merely 
a gi’eater load to the heart and another character, which can be recog- 
nized as more or less distinct from the underlying thyroid heart disease. 
Such associated factors undoubtedly hasten cardiac failure and make 
the ultimate recovery of the heart after thyroidectomy more problemati- 
cal. Again, auricular fibrillation, paroxj'smal and persistent, is seen 
more frequently in thyrotoxicosis than in any other form of heart dis- 
ease. So significant is its presence in a person under fifty that the 
diagnosis of toxic goiter is at once considered probable. The suggestive 
e\ddenee, in like manner, of the peculiar, quick, forceful thrust of the 
heart’s beat, never seen in other heart diseases, leads one to the same 
conclusion. Three times in our expei’icnce has this type of heart action 
led to the exploration of the neck in patients in whom no palpable evi- 
dence of goiter could be recognized, and in each mstance a small 
adenoma ^vith hj^perplasia was found. 

Auricular fibrillation occurred in this series of cases 39 times or 4.7 
per cent, a much smaller percentage than reported by Parkinson and 
Cookson“ (27 per cent in 130 cases). The reason for this variance 
lies in the material studied. In any region in which goiter is endemic 
the inhabitants become goiter minded and seek surgical relief early. 
For this reason the majority of our patients were seen and operated 
upon before serious cardiac complications had developed. During the 
yeai’s embraced in the series; namely, 1925, 1926 and 1927, we were 
more cautious about the use of quinidine than we later became and the 
patients were not then treated as we treat them now. At that time 
we insisted upon a month or more passing after the operation before 
quinidine therapy was attempted. In the meantime many patients had 
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In a limited number of cases it has been impossible to overcome the 
failure, and, after careful consideration of each ease, thyroidectomy 
has been done in its presence. This course has been followed in only 
a few instances, and fortunately, thus far, without an immediate opera- 
tive death. With the presence of general edema treatment is often 
started with a Karcll milk diet, and after two daj's of its use tlie diet 
is changed to the above low protein, low salt diet, and the liquid intake 
restricted to 800 c.c, or less per da 3 ^ The Minnesota grown powdered 
digitalis leaves are administered, 4 grains per day, until physiological 
tolerance is reached. Comjilete digitalization is usually obtained in 
three to five days. At times strophanthin, gr. 1/500 (B. & W.) intra- 
venously administered, and repeated in two hours, is used at the begin- 
ning of treatment. This is given particularly in the presence of sevei’e 
congestive s.mnptoms and i-apid fibrillation. Salyrgan is a valuable 
adjunct in the removal of fluid from the bodj^ After compensation 
is restored and the patient has become quiet, all digitalis is stopped 
for a period of three or four days — following the idea of Plummer that 
the operative risk is less after the patient is out from under its influence. 
We have no evidence to substantiate this idea. After operation a long 
period of control of the heart is enjoined upon the patient. He is urged 

Table V 

Efisusifi OF Auricular Fibrillation in Diffuse and Nodular Goiter 


Group I. — 

1. Diffuse goiter, toxic 

(a) Diffuse parcncliymatous (e.voplitliaJmic) 11 cases 
Average age 42.6 years (2a to 55 years) 

Sex: Male 3, Female 8 

Cardiac patliologj': Tliji'Oid heart 11, iritli cardiosclerosis 1 
Average blood pressure: Sj'stolie 145.5 millimeters of mercury 

Diastolic 81.4 millimeters of mercury 
Duration: usually a few months 

End-result: usually perniauent unless treated with quinidine 

(b) Diffuse adenomatous (disseminated or spotty parenchymatous) 
Goiter: 10 eases 

Average age 4S.5 years (23-62 years) 

Sex: Male 2, Female 8 

Cardiac pathology: Tiiyroid heart 10 Cardiosclerosis 6 
Average blood pressure: Systolic 170 millimeters of mercurj' 

Diastolic 88 millimeters of mercury 
Duration: usually few months 

End-result: sinus rhythm seemingly more easilj' restored 

2. Diffuse goiter, nontoxic, no eases 


Group II. — 

1. Nodular Goiter, toxic, 18 cases 

Average age 54.5 years (41 to 63 years) 

Sex: Male 1, Female 17 m 

Cardiac pathologj': Thyroid heart 18 Cardiosclerosis 12 
Average blood pressure: Systolic 145.5 millimeters of meieury 

Diastolic 84.4 millimeters of mercury 


Duration: usually long continued 
End-result: usually permanent or relapsing 
2. Nodular goiter: nontoxic, no cases 
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to live quietly without exertion for a period of. a year. IMany times 
this advice is not followed. Sometimes the jiatient returns after a few 
weeks or months again in failure and it is then that recompensation 
is obtained with the gi-eatest difficulty; in fact many times it is not 
obtained. Tlie favorable prognosis for failure seen before and with 
thyroidectomy becomes the gloomy prognosis of failure seen in the 
s.iqihilitic and the cardiorenal heart. Associated heart lesions often 
play a role in the return of failure, but in some of our patients they 
have not played such a role. 

The frequent presence of auricular fibrillation in thyroid heart dis- 
ease adds an intei’esting phase to the ti’eatment of the thyrotoxic patient. 
Formerly when quinidine sulphate was used with considerable appre- 
hension the patient with persistent fibrillation was directed to return 
from 4 to 6 weeks after operation for its administration. As experi- 
ence in its use was gained, however, we gave it to patients with less 
and less delay, until for the past two years we have given an initial 
te.st dose of 3 grains on the third and fourth days after ojieration. 
Then, without untoward symptoms appearing, we have administered 3, 
6 and 9 grains per dose three times per day until sinus rhythm was 
restored or failed to be obtained. No two patients respond alike. 
Amounts of quinidine admini.stcred have ranged from the initial dose 
of 3 grains to 500 grains during one period of treatment. One or two 
grains per day are often prescribed for a week or longer after normal 
sinus rhjdhm has been resumed, in the hope of preventing recurrence 
of fibrillation. Should recurrence take place quinidine is again given. 
Thus far we have seen no accidents attend its use, and we have learned 
to look upon the procedure as .safe Avhen carried out under control. 
When auricular fibrillation remains persistent it is often necessary to 
control it by suitable tonic doses of digitalis, for fibrillation occurring 
with the thju’oid heart tends to be of rapid rate and cause sj^mptoms 
of embarrassed heart action bj' reason of its rapidity. 


SUMMARY 


Eight hundred and thirty-five goiter cases from the Pacific Nortliwcst 
states are analyzed, chiefly from the standpoint of cardiac enlargement, 
cardiac failure, and auricular fibrillation in relation to age incidence' 
basal metabolism, arterial hypertension, associated cardiopathies and 
the t.vpe of tlie goiter present. 


Although cardiac failure and auricular fibrillation arc seen usually 
as an accompaniment of advancing years, it is pointed out that they 
occur also before the age of thirty in goiter patients in whom other 
heart diseases are absent. This fact, together with the characteristic 
thyrogenic heart action and certain experimental evidence, suggests tlie 
probability of specific thj^roid heart lesions. 

_ The general plan of treating heart complications in thvrotoxicosis 
in the clinic is outlined. 
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CABDIOVASCULAR SYMPTOMATOLOGY IN EXOPHTHALl^IIC 

GOITER'' 

J. Lerzsian, M.D., AND J. H. Means, M.D. 

Boston, Mass. 

TN THE past two and a lialf years the histories and physical examnia- 
i tions of patients coming to the Thyroid Clinic have been recorded on 
a special record sliect. Tliis is designed to permit tlie nse of modern 
mechanical methods to analyze the data. Tlie method of recording llie 
information, the transfer to pnnch cards, and its analysis by means of a 
sorting machine have been described elsewliere.' By the nse^ of these 
methods, we have now available information on 619 patients with goiter 
seen Horn Jannaiy, 1930, to February, 1932, inclusive. Those with a 
questionable diagnosis were excluded. Tlie present study is based on an 
analysis of 184: cases of toxic goiter, using 233 eases of non-toxic nodular 
goiter as control. The toxic group contains cases of nodular goiter with 
hypevtbyvoidism as well as cases of exophthalmic goiter. The tables 
have been arranged to bring out differences in symptomatology in the 
two sexes occurring in hyperthyroidism. The control group, however, 
has not been subdivided because the IS male patients belonging to this 
group are not sufficient for a control. Consequently the group of non- 
toxie nodular goiter is adequate as a control only for the female patients 
with hyperthyroidism. 


Tabi/E I 

Age Distribution or 233 Patients Wirn Non-toxic Nodular Goiter and op 1S4 

Patients With Toxic Goiter 



NODULAR GOITER 

(non-toxic) 

nVPERTIIYROIDISSr 

MALE 

FEMALE 

AGE 

no. 

per cent 

NO. 

PER CENT 

NO. 

PER CENT 

-19 

18 

7.7 

3 

5.8 

13 

9.8 

20-29 

1 

15.9 

I 10 

19.2 

1 33 

25.0 

30-39 

72 

30.9 

9 

17.3 

34 

25.S 

1 

40-49 

54 

23.2 

19 

36.5 

32 

24.2 

50-59 

42 

IS.l 

8 

i 

15.3 

15 

11.4 

60-69 

7 

3.0 

3 

5.8 

5 

3.8 

70+ 

3 

1.3 





Total 

233 

52 

132 


era*^o^itaf AletaboUsm Laboratory of the Atassachusetts Gen- 
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RESULTS 

Table I gives the age distribution of patients witli hjTierthyroidism, 52 
males and 132 females, and of 233 patients with non-toxic nodular 
goiter. It is seen that male hyperthyroid patients were older than 
females to some extent. Thus 25 per cent of the male patients belonged 
in the age group under thirty years and 21.1 per cent in the group of 
fifty years and over. The corresponding figures for female patients are 
34.8 per cent and 15.2 per cent respectively. The ages of the non-toxic 
goiter group were about the same as those of the male hyperthyroid 
group. 

Table II 

The Basal JtETABOLic Bate in Non-toxic Nodular Goiter and in Hyper- 
thyroidism 



nodular goiter 

1 (non-toxic) 

hyperthyroidism 

MALE 

female 


NO. 

PER CENT 

1 

NO. 

PER CENT 

NO. 

PER CENT 

-Minus 20 

4 

1.7 





Minus 19-Minus 10 

29 

12.5 





Minus 9-Minus 1 

01 

20.1 





0-Plus 14 

114 

48.9 

2 

3.8 

7 

5.3 

Plus 15-Plus 29 

25 

10.7 

6 

11.5 

34 

26.0 

Plus 30-Plus 44 



22 

42.3 

49 

37.4 

Plus 4o-Plus 59 



10 

19.2 i 

28 

21.4 

Plus GO-Plus 74 



10 

19.2 

9 

6.9 

Plus 75+ 



n 

3.8 

4 

3.1 


Table II shows the comparison of severity of hyperthyroidism as 
measured by the basal metabolic rate in male and female patients. On 
the whole, there were moi'e severe cases among the males than among 
the females. Thus 23 per cent of the male patients had metabolic rates 
of plus 60 and over, whereas only 10 per cent of the female patients had 
this degree of metabolism. 

In Table III the important cardiac sjmiptoms are analyzed with re- 
spect to their frequency, severity and duration. In general all of the 
s^TUptoms were more common in the female than in the male pa len s 
with hyperthyroidism, in spite of the fact that the male patients weie 
older and more frequently had a severe form of the disease. The ac ua 
correction for age and basal metabolic rate makes a slight change on y 
in the percentage figures. For example, the incidence of palpitation m 
male hyperthyroid patients changes from 77.0 to 75.3 per cent and oi 
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females it clianges from 91.7 to 92.6 per cent. It is inlero.sting to note 
that the frequency of precorclial pain in liy])crthyroi(lism is not imicli 
greater than in the control grouj). 

Tills table, in addition, shows that, the severity of the cardiac com- 
plaints was greater in the h.ypcrlhyroid than in the non-toxic patients 
and that the symptoms were much milder in the male than in the female 


Takm-. ITT 

The iNcinEXCE of Some InroitTAST Cakihac Sv-mi'toms, axi> or Thkik .Skveigty 

AND DUIIATION IN XON-TOXIC KODUEAU OOITEII AND IN H YIT.UTn YHOIDISM 



NODUEAR OOn’Ell 

(non-toxic) 

IIYFEUTHYKOIDISM 

MADE 

FEMAI.K 


NO. 

Vt'.ll CENT 

NO. 

FEU CENT 

NO. 

FEi: CENT 

Palpit.Ttion 

310 

51.1 

40 

77.0 

323 

93.7 

Irregular heart 

11 

4.S 

4 

7.7 

32 

9.2 

Dyspnea 

n.i 

49.0 

39 

75.0 

337 

SS.G 

Precordial pain 

3G 

15.8 

7 

33.7 

20 

20.2 

Average severity: 







Jtild 

107 

73.8 

20 


42 

33,3 

Moderate 

30 

24.8 

IS 

38.3 

OR 

54.0 

Severe 

O 

1.4 

3 

G.4 

3G 

12.7 

Duration : 




1 



-1 month 

1 

! 

0.7 

O 

4.3 

“ 

l.G 

1-4 months 

13 

9.0 

30 

23.3 

25 

19.,S 

4-12 months 

19 

13.1 

3.5 

33.9 

30 

28.0 

3-2 yeans 

27 

IS.G 

32 

25.5 

35 

33.9 

2-a years 

35 

24.1 

4 

8.5 

34 

27.0 

5-10 years 

18 

12.4 

3 

2.3 

0 

4.S 

lOf years 

12 

8,3 

O 

4.3 

7 

r»,G 

Unknown 

20 

13.8 

1 

2.1 

3 

0.8 


tllTin’lir? symptoms was longer in the non-toxic 

had cardiac .symptL’s for 

female and 6.4 per cent of the ! idT ^^•'1 Pfi' font, of the 

symptoms of this duration ThV with hyperthyi-oidism liad 

cmiation. The percentage of patients having symp- 
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loms for less than 4 niontlis was 9.7 per cent, 2] .4 per cent and 25.6 per 
cent respectively. 

Table IV shows the iiieiclence of a. variety of symptoms and signs deal- 
ing with the cardiovascular system or having .some bearing on it. Sev- 
eral important facts may be dedneed. Female liyperthyroid patients 
tended to be heavier than male i)atients; they had exophthalmos less 


Taki.e tv 

The JNciDEKeE or AIisc'EiiEAXEOus Caiidiac SvjtcTOMs AND SioNs IN Non-toxic 
Nodular Goiter and in nyi>KRTxiynoiDi.sM 



NODULAR (lOlTF.R 

(non-toxic) 

iiyrERTiiyKoiDisM 


VALE 

FEJIALE 


NO. TER CENT 

NO. PER CENT 

NO. PER CENT 

Iiicrofised licat Jos.s* 

CO 25.9 

45 SC.C 

116 S7.8 

Weakness 

isn co.o 

41 7S.S 

115 88.5 

Ohesity 

45 19.3 

- 

7 5.3 

Umlcrwoiplit 

41 17.6 

25 48.1 

57 43.2 

E-xophtlinlnios 

4 l.S 

36 70.6 

73 53.8 

Cj’finosis of lips 

2 0.9 

2 3.8 

i 4 3.0 

1 

Pallor of lips 

IG C.9 

- 

i 4 3.0 

Thyroid : 




Normal 

2 0.9 

4 r.4 ; 

0 3.8 

Slightly enlarged 

147 63.1 

3o G7.3 i 

, 1 

83 62.9 

Aroderately enlarged 

76 32.6 

13 25.0 

44 33.3 

Greatly enlarged 

S 3.4 

- 

• 

Cardiac enlargement 

23 9.9 

15 28.9 

55 42.3 

Fibrillation 

2 0.9 

6 11.5 

9 6.8 

Other arrhythmias 

6 2.6 

3 5.8 

5 3.S 

Orthopnea 

7 3.0 

5 9.6 

10 7.6 

Precordial thrill 

2 0.9 

3 5.8 

12 9.2 

Valvular disease 

3 1.3 

1 2.0 

4 3.1 

Pericardial disturbance 

Arterioselcrosis-periphernl 

69 29.6 

3 5.9 

32 61.6 

15 11-8 

26 19.7 

Cardiac disease 

30 12.9 

7 13.5 

17 12.9 

Cardiac disease t\-iUiout 
rheumatic heart disease 

26 11-2 

% 

6 11.5 

nnrl increas 

15 11-4 

ed perspiration. 


V Includes of increa^ sensation 
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often, and their goiters tended to be larger. Cardiac enlaygement, as 
measured b,v percussion, was more cororaon in the iemale. Mlierens 
aRi'icnlar fibrillation and otlicr forms of arrhythmia Avorc moro com- 
mon in tlie male. The cardiac enlargement is more often apparent than 
real, because tlie size of the heart, as obtained by percussion, is exag- 
gerated by its overactivity and verv often does not check with the 
measurements obtained by roentgen ray. A prccordial thrill was iclt 
more frequently in the female filian in the male patient. Valvular 
disease occurred in the control to almost the .same extent as in the lij pci - 
thyroid groups. Evidence of pericardial disturbance in tlie form of a 
friction rub, to be discussed below, Avas moiT* common in the female. Of 
the above factors, cardiac enlargement, prccordial thrill and pericardial 
friction rub are partly indicators of the degree of activity of the heart. 



It seems, therefore, that the heart was more overact ive in the female than 
in the male hyperthyroid patient. 

The incidence of peripheral arterio.selerosis in the female hyperthy- 
roid p-oup, namely 19.7 per cent, was to be exiiected on the basis of age 
distribution, using the control group of non-toxic nodular goiters .for 
comparison. The incidence of peripJieral arteriosclerosis in the male 
toxuc goiter group was about three times that of the female srrou]) Since 
he control group was composed mainly of female patients, “it is impossi- 
ble to say whether the high incidence of arteriosclerosis in the male group 
was abnormal or to be expected on the basis of age. It is po.ssible that 
male patients have their disease for a much longer period of time tlrin the 
muta .Uicate, .iuco notoriously they comploiu vory lit! lo Zi it 

rcoultl,™ froto,:" 

„ juotoxicosis may account for part of the large number with 
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arteriosclerosis. Tlie incidence of organic cardiac disease was about 
the same in the three groups of patients, i. e., 13 per cent. 

Tlie relation of pulse rate to pulse pre.ssure in h3TDertliyroidism showed 
interesting difference between the sexes. The pulse in male patients was 
slower than in female patients, as indicated in Pig. 1. For example, 
38.5 per cent of the males sho-sved pulse rates under 90, against 25.2 per 
cent of females, and 7.7 per cent of males .showed pulse rates of 110 and 
over against 41.2 per cent of female.s; This difference in ]nilse rates 
existed in spite of the greater number of severe eases in the male group. 
In terms of averages and their standard deviations, this difference may 
be expressed 104.0 ±: 1.5 — 94.8 ± 1.7 or 9.2 db 2.5, a value of high 
statistical significance. On the other hand the pulse pressure of the 
male group was larger tha?i that of the female (Fig. 2). For example. 



.PULSC PflCSSURC (M-vHg) 


Fig. 2. — Distribution of the pulse pressure in 51 m.ale patients with hyperthyroid- 
ism, 131 female patients with hj-perthyroidism and 220 patients with non-toxic nodu- 
lar goiter. 

21.4 per cent of the male patients had pulse pressures under 60 mm. of 
Hg against 28.2 per cent of the female patients; 17.7 per cent of the 
male patients had pulse pressures of 90 mm. and over, against 12.2 
per cent of the females. This difference as expressed bj' averages is 
74.0 ±: 2.3 — 70.0 ± 1.5 or 4.0 dz 2.9, a value of probable significance, 
although not of the same order as in the case of the pulse rate because 
of the greater dispersion of readings. Since the pulse pressure is roughly 
an indication of the output of the heart per beat, it seems that the net 
result as far as the volume flow of blood is concerned was the same in 
the two groups. In the one the demands upon the circulation were 
largelj’' met bj^ increasing the heart rate and in the other bj’' increasing 
the output per heart beat. 

The attempt has been made to coi*relate the important cardiac symp- 
toms of palpitation and dy^spnea and their severity^ with some of the fac- 
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tors mentioned above. They are listed in Table V. The incidence of 
palpitation and dyspnea in all the hyperthyroid patients was 87.5 per 
cent and 84.S per cent respectively^ and of their severity 39.9 per cent, 
49.7 per cent and 11.0 per cent for mild, moderate and severe degree 
respectively. Age did not affect the frequency of these two symptoms 
except for the small group of patients under 20 years for which the in- 
cidence was 62.5 per cent for each symptom. The severity did not show 
a consistent trend with age, but there wms a slight tendency to greater 
severity in the older age groups. Both obesity and undernourishment 
were associated with a greater frequency of palpitation and dyspnea and 
a greater severity than usual. The size of the thyroid gland did not 
show a consistent relationship. There was a greater than average inci- 
dence of palpitation and dyspnea, as well as greater severity, in the 
groups of patients with cardiac enlargement, fibrillation, other arrhyth- 
mias, precordial thrill, valvular di.sease, other organic cardiac disease, 
and pericardial friction rub. On the other hand peripheral arterio- 
sclerosis was not associated with such an increase. There was a direct 
correlation between the incidence of palpitation and dyspnea and their 
severity on the one hand, and the level of metabolism, pulse rate and 
pulse pressure on the other, with the exception of dyspnea in relation to 
the pulse rate. The relationship between the severity of sjunptoms and 
the metabolism was somewhat dubious. Some of the factors associated 
with a high incidence of palpitation and dyspnea and with greater than 
average severity were more frequent in the male, and some in the female. 
The variation was such that it is impossible to account on this basis for 
the greater frequency of palpitation and dyspnea in the female and 
also for the greater severity of these symptoms. 

As indicated previously, there were 24 patients Avith organic cardiac 
disease associated witli hyperthju’oidism. Three of these had rheumatic 
heart disease. In Table VI is listed the incidence of A^arious sATuptoms 
and signs in this group. All but one of these patients Avere 40 years 
of age or older. Compared to the group uncomplicated by cardiac 
disease, the incidence of paltAitation and dyspnea Avas greater by about 
10 per cent. There Avas more obesity, and the goiters tended to be smal- 
ler. Cardiac enlargement AA'as present to the extent of 86 per cent, 
against 32 per cent for the uncomplicated group, fibrillation 57 per cent, 
against 1.8 per cent, other arrh.i’thmias 14 per cent, against 3 per cent, 
and peripheral arteriosclerosis 71 per cent, against 2( per cent. Pre- 
cordial thrill, valvular disease and pericardial disturbance were less 
common in the group Avith cardiac disease. Pinallj^, the basal metabolic 
rate, the pulse rate and pulse pressure Amried little from those of the 
uncomplicated group. 

DISCUSSION 

The supposition of a special toxic damage to the cardioA''aseuIai sys- 
tem in hyperthyroidism has been made by many. There is one im- 
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cases, and of cither auricular fibrillation, aufrina or cou'rcsiivo failure, 
singly and in combination, in 10 cases. If seems, tberefoi-e, lliat in tin' 
li.Ypertliyroid group cardiova.seular damage eonsi.sf.s ehietly in a func- 
tional disturbance rather than a structural cliange. The fact that al- 
most all the, so people were older than the liyperthyroid imtients Avithoul 
cardiac disease, and the high incidence of peripheral arteriosclerosis 
suggest that hyperthyroidism per sr is not resimnsihle for the .so-enlled 
tliyroid heart, disease, but ]n-oducos funeliomil disturhaneo iu a pre- 
viously damaged cardiovascular sy.stem. 'Pliis surmise is supimrted by 
the fact that Ave often see jAatient.s avIio liavc had liyperlhyroidism fo’r 
ten years or more Avithout any evidence of cardiac damage. ’ It. is, never- 
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tlieless, true that occasionally a j’-oung person with thyrotoxicosis de- 
velops cardiac failure without evidence of a previously damaged lieart. 
The above findings are in agreement with the conclusions of Andrus.= 

As mentioned earlier, Ave have noted an imusual systolic noise in tlie 
moderate and severe cases of hyperthyroidism. It consists of a rough, 
grating systolic murmur Avhich has some of the characteristics of a fric- 
tion rub, heard best over the sternum in the region of the second inter- 
space. It is superficial, heard best at the end of full expiration and ob- 
scured by full- inspiration. Its intensity subsides as the metabolism and 
heart rate drop under the influence of iodine and usually disappears 
after operation. On scAmral occasions the diagnosis of pericarditis Avas 
suspected by members of the hospital staff on the basis of this friction 
rub. We are not certain as to its causation. The fact that it is super- 
ficial and disappeai-s Avith inspiration has led us to believe that it is 
pleuro-pericardial in origin. It may haA'e some relationship to the dilated 
pulmonarj’' conus often seen in the roentgen ray pictures in this con- 
dition. In the aboA’’e series a superficial friction rub AA'as observed in 10 
per cent of the patients, but this figure represents only the outspoken 
eases. The milder friction sounds AA^ere not recorded. At present no 
diagnostic or prognostic significance can be attached to it. 

Some time after aa'C became au'are of the existence of this sign, ive 
found that other observers had described it in the literature. GoodalP 
in 1920 noted a superficial pericardial rub in patients Avitli hyperthy- 
roidism, most common over the pulmonarj’' area and often associated 
AA’ith a definite cardiac oppression or actual pain. He suggested that it 
Avas probably produced mechanically by a dilated heart. In 1927 Smith 
and Calvin'* also described a sj^stolic rubbing sound in the pulmonic 
area in 40 or 50 per cent of their patients. In some it AA’as very intense ; 
in others it seemed to roughen the systolic murmur already present in 
this area. 

SUMMARY 

An analysis of 184 patients AAoth hyperthyroidism shows that cardiac 
symptoms are more common in the female ,• their severity is greater and 
their duration longer. Cardiac enlargement, precordial thrill and a 
superficial pericardial friction rub are more common in the female, 
Avhereas auricular fibrillation and other forms of arrh^dlimia are more 
common in the male. CardioAmscular disease is present in the male and 
female patients to the same degree. 

The pulse rate tends to be sloAA^er in the male than in the female, 
AAdiile the pulse pressure is higher. It may be inferred, therefore, that 
the increased volume floAV of blood is about the same in the tAA'o groups, 
although brought about by different mechanisms. 

Various factors influence the frequencj’’ of palpitation and dyspnea 
and their severity. 



LlJiniAN AND SJKANS: CAHDIOVASCUKAU SYMl’TOAlA'l'OIAX’.Y IN GOITICR (>5 


Twouty-ono patients ■with orfranic oartlinc disease are analyzc^d. It is 
indicated tliat liypertliyroidisin per ar does not pnxhiei' so-called thyroid 
heart disease hnt causes functional derangement in a cardiovascular 
system already dnmajied by other ])alholo‘:icat conditions. 

A .superficial pleuro-perieardial friction rub heard over the sternum 
is described. 
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THE HEART IN HYPERTHYROIDISM: A CLINICAL AND 
EXPERIMENTAL STUDY^:=t 


E. Cowles Andrus, M.D. 

Baltimore, Md. 

' I ''HE cardiac manifestations of hyperthyroidism constitute a most 
prominent phase in this syndrome. Yet it is often difficult, some- 
times impossible, to correlate the severity of these with the other clinical 
signs. At one extreme, signs of cardiac failure may be so conspicuous 
as to mask the concomitant hj^perthyroidism. At the other, a patient 
may perish in the flame of a “thyroid crisis” without symptoms of myo- 
cardial insufficiency. 

Tachycardia is frequently an early, and often a prominent, manifesta- 
tion of the disease. Even more characteristic is the lability of the heart 
rate, such that it reflects exertion, excitement, emotion and fatigue to 
an unusual degree. Sooner or latei’, in neaily eveiy case, this engenders 
“palpitation,” which may vary in severity from an unusual awareness 
of the heart beat on the part of the patient during and following exer- 
tion to a most distressing, thumping, pounding sensation, which annoys 
the patient even at rest and renders exertion unbearable. 

The blood pressure, like the heart rate, in such patients undergoes 
sudden and conspicuous variations. The studies of Fullerton and Har- 
rop® indicate that, under basal conditions, neither the maximum pres- 
sure nor the pulse pressure is abnormal. During emotion or excitement 
the pulse pressure may greatly increase so that a systolic-diastolic dif- 
ference of 80-100 mm. Hg is no uncommon finding. In the absence 
of coexistent vascular disease the diastolic pressure is rarely raised, in- 
deed it may often be lowered ; the systolic pressure is frequently elevated. 

Both of these mechanisms (tachycardia and high pulse pressure) con- 
ti’ibute to the increased circulatory minute-volume characteristic of any 
condition which augments the rate of metabolism. 

The precordial impulse is diffuse, rapid and forceful. The apex 
impulse is frequently slapping; the sharp shock of closure of the pul- 
monic valves is often palpable. The relative cai’diac dullness is some- 
times demonstrably enlarged ; particularly common is an enlargement 
to the left in the third and fourth interspaces. The heart sounds are 
loud and sharp; the first sound at the apex and the pulmonic second 
sound are often accentuated. Blowing systolic murmurs are frequently 


‘From the Cardiographic Laboratorj', Department of Medicine, Jolins Hopkins Uni- 

'’®’wLr?eS°®bifore the Annual Meeting of the American Heart Association New 
Orleans, May 10, 1932, this paper was presented in two parts, ^ o" 

Uons of Hvperthyroidism" and “Experimental Observations Upon Hearts of Thj 

explns^es'of this study were defrayed in part by the Bingham Fund of the 
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i the left; especially stvildug is ilic visibly great amplitude of 

'' ft tbat none of these symptoms or signis arc peem 

liar to iiypertlivroiclism. The diagnosis of what has been tci mcd 
roid-hearft^ is finally made, in the majority of instances, by ’ 

ing anatomical or functional abnormalities in the thyroid gland latlu. 
than in the heart. Particular importance attaches to the eardiovasculai 
symptoms and signs for the rea.son that, in a certain proportion ol ease.s 
myocardial insufficiency supcrvcnc.s. That, however, signs of congest i\e 
heart failure are often ab.sent in what appear to be the most severe in- 
stances of the disease constitutes a perplexing phase of this clinical 


problem. 

The present report deals with 200 cases of hyperthyroidism iollowed 
in the Johns Hopkins Hospital. All were carefully .studied iiiion the 
medical wards, and after a suitable period of medical trcatmcnl, were 
subjected to subtotal thyroidectomy. Ohe majority of cases ictiimcd 
to the medical wards for a period of postoperative observation. 

According to the pathologist’s report upon the iiorlion of the thyroid 
gland removed, the cases were divided into two groujis: e.vophthalmic 
goiter and adenomatous goiter with liyperthyroidism. 


■ Tahia: T. 
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Table I contrasts certain data concerning the two types. It is not 
our purpose to enter here into a di.scu.ssion oi‘ the difi’ereneo helween 
exophthalmic goiter and “toxic adenoma.” .Suffice it to point out the 
greater .age and duration of .symptoms in the eases of nodular goiter. 
That these factors ap])car to combine to atfect the reaction of the heart. 


to this disease is indicated by the incidence of myocardial insufiieieiiey 
in the two groups. Among 35S ca.scs of exophthalmic goiter 23 or 14.55 
per cent showed signs of conge.stive heart failure upon euiering the hos- 
pital The 42 cases of adenomatous goiter, on tlie other hand, included 
14 ( 331/3 per cent) with myocardial insufficiency. 

In Chart 1 the incidence of conge.stive heart failure i.s rchifed to the 
duration of symptoms. 

Among all the cases of exophtlialmic goiter in this scries the avora-m 
duration of symptoms of hyperthyroidism was 32.6 mouths. In those 
Avithout cardiac failure it was eleven montlis, and in those with failure 
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the average duration of sjTnptoms was 21+ months. In the group of 
what we have classified as adenomatous goiter tliere was usually a liisforv 
of symptoms of hyperthyroidism for many months, often of goiter for 
years, and not infrequently a story of one or more previous attacks. 
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Chart 1. — Cardiac failure related to duration of symptoms nmonR 200 cases of 
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Chart 2.-Incidence of cardiac failure and auricular abrlllatlon amouK 200 oa.sra of 
t ^ hypertliyroldiFm. 

Here the average duration of .symptoms was greater than in the first 
group: all cases, 22.4 months; with failure, twenty-eight months; with- 
out failure, sixteen month.s. 

In Chart 2 is shown the occurrence of cardiac failure in this scri *s. 

Each a?c aceade above 30 includes a larirci- proporiiun of eases uHl. 
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myocardial insufficiency; the incidence bceomas ‘ ' 

among those over forty years of age. This m to he ^ 

natural diminution of the cardiac reserve wluch takes place uith 11 . 
years beyond forty and to the coincidence of organic— hypcifieusivc, ai- 
torioselerotic or rheumalic— cardiac di.sca.se ivith hyperlhyroulism among 
the older patients in this series. 

Among 112 eases of cxophtlialmic goiter and 10 ca.so.s oi. adenomatous 
goiter with liyperthyroidism under forty years of age. only nine showed 
signs of myocardial insufficiency. In five of these phy.sical signs of 
mitral stenosis and insufficiency were demonstrable niter the metabolic 
rate had fallen to normal. A sixth patient died ; in this instance Aschofi' 
bodies were demonstrated in the myocardium. Another patient, a ;\oung 
negress of twenty-six, who devclo])cd myocardial insuffieienc^ nith h^- 
pei'thyroidism of only nine months’ dviration, had a positive W assermann 
and signs of syphilis of the aorta. Thus, in 7 of these f) eases there was 
found what was taken to be evidence of coexistent heart disease. All 
have been examined from twelve to eighteen months after discharge. 
The signs of organic cardiac di.sea.se jicrsist. 

Chart 2 also indicates that, in this series, established aiirieulnr fibrilla- 
tion was associated with myocardial insufficiency in 17 cases. 'J’ransient 
periods of auricular fibrillation not uncommonly occurred in the.so 
patients. Such paroxysmal irregularities of the cardiac rhythm arc not 
always associated with cardiac failure and frerpicntly fail to ri'cur fol- 
lowing surgical relief of hyperthyroidism. Establi.shod auricular fibril- 
lation is a much gi-avei- oom})lioation. The consequently irregular ven- 
tricular rliythm, unless its rate can he controlled with digitalis, presents 
a serious handicap to an already ovcrhnrdoned circulation. 

EXPERIJIKNTATj 

A series of observations have been eoiulucted in this laboratory to 
study the effects of thyroxine^ upon the licarts of aninml.s; 

1. Effect of thyroxine and Drsindothyroxinc in YUro. — ^Tn .some cx- 
peiiments, prcsionsly reported by Jjcwi.s' and UrcKachern,'”' the anrielos of 
normal rabbits were suspended in thorouglily o.xygcnated Kingiu'-Loeke’s 
solution, in a Dale hath; in otlicrs the entire hearts of such animals wore 
perfused with Ringer-Locke’s .solution hy the Langeudorfi! method. Thy- 
roxine (Roche) added to the bath or to the perfusing solution produced 
no effect in coneentration.s up to 1/25,000. Desiodothyroxine (Harring- 
ton) was also without effect, in concentrations ui) to 1/20,000 Such ex- 
penments were continued for as long as 8 liours during 'which the rate 
of the spontaneous rhythm gradually slowed; at no time was there auv 
evidence of an augmenting action of Ihyi-oxine. 

fiom the cmbi..TO chid: after the (iret 48 liours of iiieiihiilion, i,„<l 

furnishing a portfon'of Inc. in 
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incubated in the presence of 1/50,000 thju-oxine, developed and sustained 
a more rapid spontaneous rhythm than control fragments of the same 
hearts winch had not been exposed to thyroxine. It is of interest to note 
that even such a large dose of thyroxine produced its effect only after 12 
hours’ contact with the cardiac tissue. 

2. Physiological Propcrlies of the Hearts of Thyroxinized Animals.— 
Attempts to reproduce Graves’ disease in animals by the administration 
of thyroxine have not, to our knowledge, met with success. It is, how- 
ever, possible by such means to reproduce that phase of the syndrome 
which is due to hjTierthjmoidism. 

COMPARISON OF TH€ MAXIMUM RATES OF ISOLATED HEARTS ( iANCENOQRFr apparatus) 
AND ISOLATED AURICLES f CALC BATH) OF NORMAL AND THCROTOKIC RABBITS. 


SSO 



Chart 3. — Comparison of the maximum rates of isolated hearts (Langendorff appara- 
tus) and isolated auricles (Dale hath) of normal and thyrotoxic rabbits. 


If one injects into a rabbit 0.5 mg. thyroxine per kilogram body tveight, 
events ensue -which are homologous -with the clinical signs of hyperthy- 
roidism. During the first twenty-four hours after the injection no 
change may be noted. This “latent period” finds a clinical counterpart 
in the interval elapsing between the surgical removal of a portion of the 
thyroid gland from a patient with Graves’ disease and the “postopera- 
tive storm” which not infrequently follows. By the end of 36 hours, 
however, the animal becomes more than usually responsive to stimuli, 
i. e., “neiwous.” Careful observation may reveal that his appetite and 
thirst increase. Furthermore, it may be demonstrated that, even when 
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he is at rest and undisturbed, his heart rate is abnormally lai ( . 
Finally it may be shown that his oxygen consumpf ion (basal metabolism) 
has been augmented. K the dose of thyroxine is not repeated, these 
manifestations gradnally disappear within the succeeding lew days. 1, 
however, such an animal roceive.s a similar injection every other day, he 
rapidly loses Aveight, despite adequate amounts of food, and the tachy- 
cardia persists or increases. ^ i r' r 

It is a fact of considerable physiological importance that the eflects ol. 

thyroxine persist in the hearts of such animals after isolation. Observa- 
tions'’’ ® have already been reported from this laboratoi\i show ing 
that the hearts and auricles of thyroxinized rabbits continue to beat, 
when completely isolated, at rates much faster than those of similar 
preparations from normal animals. The results of a large series oi such 
experiments are grajihically shown in Chart 3. This tachycardia char- 
acteristically persi.sts for hours, tending to decrease with time far less 



Fig. 1. — Effect of oxj'ffeii-want upon the auricles of nornml and tliyroxlnlzcd i-abbit.s. 


than the spontaneous rhythm of the isolated normal heart.. This is in 
contrast A\nth the tachycardia produced in animals by large doses of 
atropine or adrenalin, w’hich subsides Avithin a .short time after isolation 
of the heart. 

Further observations® indicate that the isolated auricles of thy- 
loxinized rabbits are more dependent upon the contemporary oxygen 
suppty than are similar preparations from normal animals. The kymo- 
graphic tracing recoi-ded in a typical experiment is .shoAvn in Fig. 1. 
The upper record is that written by means of a light lever by the aui^dcs 
of a thyroxiuized rabbit; the loAvcr that of “normal” ain-icles. Both 
were suspended in oxygenated Einger-Locke 's solution in a Dale bath 
In this experiment the auricles from the thyroxiuized animal were beat- 
ing at a rate of 234 per min., those of the normal at HO per min Inter- 
ruption of the oxygen supply to the bath produced a conspicuously more 

fh“nr 

By direct volumetric measurements it has been demonstrated’ that tlm 
..olatecl auncles fcoa. thyao.xiaiacd guinea pigs consume mm.“n 
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Chart -1. 



Chart 5, — Glycogen, glucose, and lactic acid content of cardiac and skeletal muscle 
from normal and thyroxinized animals. 
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gram per liom- than those of the same mcight removccl from normal ani- 
mals These results of 31 experiments are summarized m Chait . 

Dock and Lcivis= have reported that the oxygen consumption per mm- 
ute of heart-lung preparations from thyroid-fed rats is increased to the 
same extent as that of the entire animal. These authors slate that such 
increase in the oxygen consumption of the heart-lung preparation can he 
accounted for by the increased weight and rate of heat of the heart ol 
the thyroid-fed rat. 

The discrepancy between the results summarized above and those of 
Dock and Lewis may be due, in part, to the difference in method. The 
guinea pig auricles in McEachevn’s experiments were surrounded and 
filled bj^ fluid. Under these conditions the work performed is not sig- 
nificantly altered by change in rate of heat. In a number of iiistance.s 
the auricles ceased to beat during the period of obseiwation. Under these 
eireumstanees no significant rednetion in the rate of oxygon consiiuip- 
tioii occurred. This is in agreement with the observations of Clark and 
White, ^ who noted that the oxygen consumption of the auriclc.s of cold- 
blooded animals was not significantly affected by rale of heat, provided 
no work was performed. In the heart-lung preparation, peripheral re- 
sistance and diastolic inflow remaining the .same, a more rapid rate of 
heat is associated with an increa.se in the ivorlc performed. 

That tlie metabolism of the myocardinm is afi'eeted by the administra- 
tion of thyroxine is fiu’ther indicated by chemical estimations of cer- 
tain constituents of the cardiac muscle of normal and tbjTOxinized rab- 
bits. Chart 5 contrasts these results. The glycogen content of cardiac 
muscle is uniformly and conspicuously depleted by the action of thy- 
roxine; the lactic acid content is increased in some instances. Similar 
alterations are demonstrable iji the skeletal muscles of the same animals. 
That the glycogen content of skeletal muscle is depleted in thyroxinized 
animals has been previously noted.^ 

Such results do not in any fashion indicate that the lieart is spe- 
cifically or uniquely poisoned by thyroxine. They suggest rather that 
the metabolism of the myocardium is augmented thereby as is that of the 
skeletal muscle and other bod 5 ’^ tissues. 




As has already been emphasized, the increased circulatory demands 
created by any conditions which augjuent metabolism increase conspien- 
onsly the work of the heart. In hyperthyroidism the metabolism of the 
myocardial tissue is also augmented. Conceivably those two factors com- 
bine in all cases, varying only in duration and degree, to briiig'to the 
fore the cardiac manifestations of the di.sease. The ultimate effect of 
lose factors may be determined by the soil upon which they are iin- 

b ie or bVo”™’’ f vesorvo l,„s boon dimimd.ed 

gt bj oj^anie cardiac disease they may result in iiiyocardial in- 
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sufficiency. Presumably tliis may develop Avlieii the load thrown upon 
the myocardium exceeds or approaches the limits set by its own 
metabolism. 

SU.AIMARY AND CONCLUSIONS 

In a series of 200 eases of hypertliyroidism congestive heart failure oc- 
curred in 18.5 per cent. The average duration of symptoms was con- 
spicuously greater in the cases Avith myocardial insufficiency. Its inci- 
dence increased in the age-decades above forty and Avas most common, 
in any age-group, in association Avith other, preexistent factors Avhich 
tend to diminish the cardiac reserve: rheumatic heart disease, hyperten- 
sion, arteriosclerosis or, more rarely, syphilitic heart disease. 

Thyroxine 1/25,000 and desiodothyroxine 1/20,000 are Avithout effect 
upon the isolated hearts or auricles of rabbits. 

The administration of thyroxine to an animal (rabbit or guinea pig) 
so alters the metabolism of the myocardium that : 

a. The heart boats at an enhanced rate for hours after isolation. 

b. The oxygen consumption of the heart is increased, and 

e. The glycogen content of the cardiac muscle is diminished; in cer- 
tain instances the lactic acid content is increased. 

It is suggested that myocardial insufficiency may supervene in hyper- 
thyroidism AA'hen the load thrown upon the heart exceeds or approaches 
the limits set by its oavu metaboli.sm. 
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'X'HE constant association of varying degrees of cardiac irregularity , 
i- observed in different grades of hypertbyroidism, lias led to many 
clinical observations and studies of the morbid anatomy in an endeavor 
to ascertain the role of the secretory product (thyroxin) in the produc- 
tion of such disturbances. The characteristics of the increased pulse 
rate, the modification of the electrocardiogram and the increased volume 
output of the heart have been studied b.v Sturgis and Tompkins,^ Bai’kcr 
and Richardson,-" Smith and Colvin, Hamilton,' AYillius.-’ and Ander- 
son.® These authors have concluded that the heart rate is proportionate 
to the degree of thyrotoxicosis. That as a re.sult of the increased rate 
and volume outflow, in the presence of increased metabolism, the heart 
at first dilates and then later hy'pertrophies. If the hyiierthy-roidism 
persists gallop rhythm, extras.ystolcs, fibrillation and final dilatation. 
The question has arisen as to wlicther such cardiac irregularities arc at- 
tributable solely to thyTOxin or to other factors such ns age, the super- 
imposition of thyu'otoxicosis in the pi’csence of arteriosclerosis of the 
coronary arteries or previously existing myocarditis. Hurxthal' believes 
that there is a “specific heart drive’’ incited h.v thyrotoxicosis, while 
Lahey'^® holds the opposite opinion iiointing to the absence of specific 
pathological changes in the hearts in such instances and the relative in- 
frequency of cardiac irregularities in y'ounger individuals as compared 
with those in middle or advanced age. A difference of opinio7i also e.x- 
ists as to tlie presence of specific changes in humaii hearts associated witli 
hyperthyroidism. Pahr and Kuhle® and Goodpasture’® hold that fatty 
and parenchymiatous degeneration, perivascular round-cell infiltration, 
fibrosis and granulation tissue formation occurring in the heaj-ts of in- 
stances of hyperthyroidism are specific. Baust” and othci\s oppose this 
Hew stating that there is no constancy in the findings and that it is not 
possible to exclude other factors. 


Experimentally induced hyperthyroidism has been equally unsuccess- 
ful in solving the problem of the heart lesions in hy^perthyu-oidism. Good- 
pasture,’® Cameron,’® Hashimoto,” Takane’® working with various ani- 
mals (rabbits and wliite rats) were able to produce liistoeytes, round 
cells perivascular necrosis and fibrosis in the heart muscle. On the other 
hand Lewis and McEachern’® and Rake and McEachern’^ were not able 
to demo nstrate specific lesions in the hearts of such experimental animals. 
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It is tlioreforo evident litat neither the clinical nor the experinumtal 
data nt hand are sufficient to settie the hitrhly important (iuestion of the 
direct effect of tiie active principle of the thyroid ^land upon the hcjirt 
muscle in hj’perth\'roidisni. Accordiii'rly the followinir experiments 
%vere undertaken in an endeavor to further clarify this important and 
perplexing problem. 

PROCEnrnK 

Tw'nty-foiir he.iltliv Albino (white) rabbits wore seleefcd, weighed, Jioiisod in in- 
diridtial cages umler careful sanitar.v concHtions, and gi%’en standard jire{>ared rabbit 
food (alfalfa espeeiallv prepared) once daily in suflicient amount, s to maintain lastly 
wigJit under normal conditions. They were divided into four experimental grttups 
as follows: Group I, Thyroxin fed and injected rabbits. Group 11. Dessicated Tliy- 
roid (Armours) fed ralsbits. Group Itl. Dcssicated Thyroid (human thyroid glands 
from exojditlmimic goiter) .and Group IV controls. Six r.nbbits were placed in e.'icli 
group with the c.xception of the hast in which there were five. In each of the Groujis 
T, IT, and TIT, two rabbits were tin-roidec.tomized in order to remove the possitde in- 
iluenee of tiie resident thyroid tissue. In addition one lialf of tlie animals (.'! in 
c.ach group) wert? given d.aily e.xercise by chasing them .about in a large room for 
one hour. This w.as done to note the possible clTect of additional strain upon the 
heart in the presence of hyperthyroidism. 

The administration of the thyroid products w.as carried out by mixing them with 
the standard rabbit food and forming similar jiellets which pellets were fed to the 
rabbit.® prior to the giving of the day’s food portion. Great care w;m taken to see 
that each .anim.al actually swallotved the daily dosage. The human tlyroid tissue 
wa.H obtained from 2.“ difTcrent thyrotoxic patients obtained through the courtesy of 
Dr. Thomas M, Joyce :ind Dr. Thomas D. llobertaou of Gl. Vincent’s Hospital and 
Dr. Charles ilanlfriv of the Good Samaritan Hospital. These patients had an av- 
erage metabolic rate of pin,® 27 and were given .an average of Sft minim.® of Lugol'.® 
solution jtrior to the operation. The patbologieai diagno.si.® of all of these glands 
wa.s diffuse parenchymatou.s Itvperplasia (exojihthrdmic) %yith lugolir..at! 0 n. Tiie 
glands were cat into small piece's, dried and the fat remr>v<*d with benzin. The resi- 
due was dried, jiulverized and intimately mixed. Titration revealed the presence of 

0. 01 n per cent of iodine in t!io iiual preparation. 

Ail eoutrol animals were la'p* fed i-.xactly a,s wore ttjo.“c given tlie variira.s 
thyroid product,®. An attemjit w.a® made to produce .a ooatinuou.® .acccler.at'-d he.art 
action by cutting the depressor nerves and denuding the carotid arteries of tlie carotid 
sinus jnve.sSment, without success e.xce]it in one instance, rao^t of the anitnals dying 
witJun 4S hours, TtfiialJy of some intercurrent pulmon.ary infection. One rabbi) .“o 
treated lived for 0 days. The cause of death w.ns not grossly rtmnife.s!. All operative 
procedures? including tie* tin.a! taking of the pulse rates ami blood pressures by in- 
serting cannulas into the carotid arterie.® wa.s done with tin- intravenous admini.xt ra- 
tion of .“-.eliarn barbitoJ {2.0 c.c. of 11 jht cent {>er kilo of body wr-ight ) ;ind in ;irldi- 
tion light etfier anesth-.-®:.'! for the skin inejs-on*. 

Tf)-'- do-utgf of ail thyroid products wa® administered ornliv rutd was b.t«(-d upon 
the J-ody Weighs of ilic rnlibis in ro;np:iri®on c.ith the desngi- of des<i.--r!ted ibyroid 
itSar.d ordjn.arilv given to huraan fK-ing'. The amount yva.® stepp'd ui> cuffiri-'-nsly to 
insure toxic mrsKifestatir.n.s, .Accordingly the risbbit.s in t/roup I v-e/e givt-.n o,*1 niff. 

1, f th.ynvxin by munth for a period of ch-ven days following whieh tb'-y W'-re given 

3,C< tiiff. intravenously for tv.rhv more day®. The dovap-. w.as !n<-fe.'tse<l g!V<-n fsv 
vv'tK b'-<ause usarked toxic i:!-'inifcstat3t>n? fniloil to develop by Ih-- oral also 

th'.' sup-ply of r'.vailnbfi- thyrexin was bt-eornlng linute.l, "‘J.-e rabbits in 
nroup. II (.\rnioDts D-es-i'-atf-il Thyroid) were given gtn. daily {nr e!-vcn <!;tys, 
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, n S jrm for nine days. The rabbits of Group III (numnn 

as tlioso in Group II. 

CONJIENT 

Not all of the rabbits reacted uniformly to the administration of the 
thyroid products (sec Chart I). In general there .as a P-gves^'C in- 
creased irritability, loss of weight and increased pulse la e ihe n i - 
lability was most marked in Group HI (Human Dessicaled rii^ioic ) 
and least in Group I (Thyroxin), probably because ot inadequate dosage 
in the latter group. The loss of weight ranged from 60.0 gin. to 
1320.0 gm. It averaged 512.0 gm. in Group I, o31.0 gin. in Group 11, 
856.6 gm. in Group HI and 130.0 gm. in Group IV (Control group). 
The greatest loss occurred in Group III. A number of these rabbits 



ChiTt Xlluatretlnc the Cccij»r»tlro Rdlftfclonshlp* ^istlnn rtJtrrooa 
A- The ftvorace orlglOAl wolghtc 
B- The eTorate flnftl body woi^te 
O'- Tho avoraf^e yrelght of the hoort# * 

Jh Tho arorago final heart rates 
E- The areroge final blood proesure* 

Chart I. — Illustrating the comparative rclationshlp.s c.xlstlng hetwcoii A. the av- 
erage original weights; R, the average final boily weights; C, the average tvolght of 
the hearts; D, the average hnal heart i-atos, B, the average linal hlooil pre.ssures. 


finally developed diarrliea ivith intense cxbaustioii. TJiere was no dontn 
as to the evidence of a greatly increased metabolism accompanied by an 
increased respiratory rate and an accelerated heart action. 

The pulse rate also increased progre-ssivcly. It was taken daily 
throughout the experiment with the aid of the .stethoseo]ie. Tlie rapidity 
of the heart action, which increased witli the degree of thyrotoxieity, 
made it almost impossible to obtain an accurate count by this metbod. 
The beats appeared to be regular and full. There was no evidence of 
cyanosis of the mucous membranes of the mouth. The original inilso 
rate in Group I averaged 127.3, in Group IT, 131.3, in Group HI, 167.6 
and m Group IV, 163. A consideration of the pulse rates taken with the 
stethoscope and finally with the recording drum indicates that the 
tormer method applied during the course of the experiment was inac- 
curate. While there was an increase of the heart rate in proportion to 
the clepee of toxicity of tho different experiment, nl animals, there teas 
no etidenee of arrhythmia in the final recording. The pnise Tolnmc tvas 
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found to be smallest in those animals having the most marked increase in 
rate and the largest in those with slow rates. In the extremely tliyro- 
toxic rabbits the heart exliibited signs, of fatigue as indicated by tlie 
amplitude of the beats. 

Considerable variation in the blood pressure Avas noted. It averaged 

126.5 mm. Hg in Group I, 126.8 in Group II, 143.8 in Group III, and 
106.2 in Group IV (The Control Group), the highest being 160 nun. Hg 
in a rabbit fed with dessieated human thjTPoid (exophthalmic), the low- 
est pressures being 115 in thjToid fed unoperated rabbits and 90 mm. 
Hg ill thjT.-oid fed thju'oideetomized rabbits. In general the thyroid 
fed thju’oideetomized rabbits had loAA'er blood pressures; they averaged 

117.6 mm. Hg as compai-ed vath an average of 142.3 mm. Hg in the 
thyi-oid fed non-thyroideetomized rabbits. This obidous increase in the 
blood pressures of thjTOtoxic rabbits is in accord with the clinical find- 
ings in patients with hyperthjwoidism, even Avhen it occurs in younger 
patients in whom there is no reason to suspect other factors as a cause 
of the hypertension. One must therefore suspect that in hyperthy- 
roidism clinically and experimentally the blood pressure is increased be- 
cause of increased heart rate and possible angiospasm, probably due to 
either increased adrenalin output or excess metabolism (katabolism) or 
both. 

All hearts with the exception of those from animals d.ying during the 
course of the experiments Avere weighed after being drained of their 
blood content. There Avas obseiwed no constancy of relationship betAveen 
the gro.ss condition of the heart and the degree of toxicity of the ani- 
mals. In general there was CAudence of dilatation rather than liiTcr- 
trophy. The chambers Avere large and the AA'alls were proportionately 
thin. Although there Avere indiAudual Amriations in the Aveights of the 
hearts in the diiferent rabbits, the aAmrage weights in the 4 groups AA'ere 
found to be fairly constant (I — 8.75 gm., II — 7.64 gm., Ill — 7.03 gra., 
IV — 7.17 gm. respeetiA'ely) . The average heart Aveights of the first 
three groups when compared Aiith the aAmrage original body Aveight 
established a ratio of 1 to 395.2 Avhile the ratio between the average heart 
weights of the same groups and the aA'erage final body AA-eights AA-as found 
to be 1 to 314.8, a dilference of 80.4 Avhich in our estimation is largely 
due to the difference in bod}’" Aveights (original and final) rather than 
to a loss of Aveight in the hearts themselves. There AA'as no gross evi- 
dence of disease in any of the hearts. In one or tAvo instances the left 
A'entricle appeared somewhat hj’pm’trophic as compared AA'ith the right. 
Some of the hearts were long and narrow. The subepicardial fat Avas 
grea% diminished in the thyrotoxic rabbits as compared Avith those of 
the control animals. There was no detectable A'ariation in the gross ap- 
pearances of the hearts of the rabbits that Avere thyroidectomized or m 
those rabbits that Avere, in addition, exercised. There AA-ere no gross 
CAudences of disease in any of the other organs or tissues of the rabbits 
as revealed by a general autopsy. 
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MICROSCOPIC STUDY 

of so-called Call-Esner follicles than did the control anima s. 



Fig. 1. — Photomicrograph No. 2. Rabbit No. 5. Illustrating the interstitial and peri- 
vascular diffusion of cells with the separation of muscle bundles. 


For the study of the histology of the hearts sections were made through 
both ventricles at the apex, middle and base. In a number of instances 
of the hearts from the more pronouncedly thyrotoxic rabbits, every 
300th section (10 mic.) ivas examined for the purpose of demonstrat- 
ing the possible diffusion of disturbances. The histological changes in 
the hearts of the rabbits fed the different thyroid products varied con- 
siderably in the different animals. Such changes consisted of leucocyte 
invasion betiveen the muscle bundles and about the blood vessels. These 
cells consisted of monocytes, plasma cells and eosinophiies. All but 4 of 
the 18 rabbits in Groups I, II and III exhibited such changes ivhieh ivere 
in some instances slight while in others such cell invasion was accom- 
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paiiied by some fibroblast, proliferation with vacuole formation (fat) 
and fraying of the muscle bundles (see Figs, 1, 2, and 3). On the other 
hand only one of the rabbits in the control group exhibited such changes. 
Tliis rabbit (No. 13) was one in which a tachycardia was produced by 
cutting the depressor nerves and destroying the carotid sinuses on both 
sides. This rabbit lived for six days. No gross pathological changes, ex- 
cept for a moderately enlarged heart, were found, hlicroscopically 



Fig.. 2. — Photomicroffrapli No. 2. Babbit No. 9. Illustrating the cell invasion and 

fraying of muscle bundles. 

marked cellular changes of the tj’pe described above (Thyrotoxic rabbit 
hearts) in the left ventricle were found. In none of the instances was 
fibrosis (scar tissue) per se found. There was no striking difference in 
the histological changes of the exercised rabbits as compar-ed with those 
at rest. Neither was there any marlted difference observed in the myo- 
cardium in those animals that were thyroidectomized prior to the induc- 
tion of hyperthyroidism. The pathological changes were all confined to 
the left ventricle where they Avere diffuselj’^ scattered. Tliej* were not 
particularly pronounced in the papillazy musculature. 
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i-rit -:S£ r,r_"*s:“ Aj 

liL ™te aM the rise in the Mood pressure. It seems to *» to'lnde 
that the whipping np of the metabolism leads ^ ! 

an aeeelerated heart action which may ewentnally lead to ® 

liaustion. The absence of pronounced cardiac hypertrophy hi ra - 
bits and the more frequent occurrence of dilatation is in accord with t e 
resples in the heart in human beings. It is estimated that it requires 



Pigr. 3. — Photomicrograph No. 3. Rabbit No. 20. Illustrating extensive changes in 

myocardium. 


approximately six weeks for hypertrophy of the heart to occur while 
tliese experiments extended over a period of twenty-three days. The 
striking absence of comparable pathological changes in the hearts of the 
control animals leads us to seriously consider cardiac damage in associa- 
tion with the induced hypertliyroid state in rabbits. As to whether tliis 
change in the heart is due to the actual impingment of thyroxin upon the 
cardiac circulation or musculature is difficult to determine. In arriving 
at a eoiielnsion one must keep in mind the sequence of phenomena that 
evolve in the course of a slow or rapid perfusion of an excess thyroid 
secretion in the animal body. It seems to be a well established fact that 
metabolism (kataboiism) is progressively and proportionately stimulated 
as a result of whieli the major body processes are augmented Nutri- 
tional imbalance naturally follows. The glycogen reserve in the liver 
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(Willis and Mora^‘) as well as in the heart (De Fauw^®) finally became 
exhausted. As this proceeds there occurs, according to Hsios-Chien 
Chang and others, increased oxygen consumption and the increased 
transportation of metabolites, lead to the necessity of adjustment on the 
part of flic circulation. There follows an increased pulse rate, augmented 
cardiac outflow, enlargement of the vascular bed and an increased blood 
volume. It is reasonable to conceive of the possibilities of the extra load 
placed upon the heart as eventually leading to fatigue and failure. It 
was in an endeavor to establi.sh such factors that we provided the condi- 
tions of rest and exercise for our experimental animals, without suc- 
cess. probably because the conditions were not sufficiently .sharply dra-wn. 
It occurred to us that the changes described might be related to the 
trauma of excessive, irregular and persistent overwoi’k, on the part of 
the heart in the presence of hyperthyroidism, so that the myocardium 
might eventually undergo certain retrogressive changes (parenchymatous 
and fatty) on a nutritional basis. Further that such a degradation 
might lead to the tearing of muscle bundles and the secondary deposi- 
tion of cells. Accordingly we attempted to provide a continuous acceler- 
ation and arrh.ytlnnia by cutting tlie depressor nerves and destroying the 
sinus carotieus bilaterally. Only one of our rabbits survived the opera- 
tion sufficiently long (six days) to permit of cardiac damage. In this 
the changes were extremely marked and of the same type seen in the 
rabbits rendered thyrotoxic by feeding. We intend to investigate 
further this phase of the problem. 

It must be remembered in evaluating the results of such experiments 
as are here delineated, that experimental conditions may not be entirely 
comparable with the incipient disposition of clinically acquired hj’’per- 
thyi’oidism ^v}uch implies a dosage of thyroid secretion and a time ele- 
ment that cannot be duplicated experimentally. Clinical evidence can- 
not be expected to solve the problem. Certainly the majority of instances 
described and commented upon in the literature fall in the age group 
(forty and above) in which many different disease ravages may be ex- 
pected to mask or modify any specific change attributable to thyroxin. 
For the same reason the study of the pathology of hiunan hearts in such 
instances of hyperthyroidism cannot lead to definite conclusions. One 
cannot ignore the fact that clinically there is some relationship between 
certain irregularities of the heart and lij'perthjToidism and that such 
irregularities are amenable to correction in younger individuals while 
in older ones they may be permanent and incurable by therapy and thy- 
roidectomy. Experimentally there seems to be no question that damage 
may be produced in the hearts of experimental animals. As to Avhether 
such changes as we found in our experiments are due to the actual 
toxicity of thyroxin, per se, or to greatly altered circulation and metabo- 
lism phenomena will have to be determined by more extensive control- 
led investigations. 
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and fatty dogonoration, liistiov-ytY invuMnn. t!a>in^ <» 
bundles and early fibrosis. 

It, is possible tbal .similar rbant,'es nii^dil be proiltieed by eardme o 
work irre-speelive of tiie jiresenee of an exeess iif thyroxin in the eiieti- 
latin? blood as is indieated by the re.snlts obtaineil by enllinir oi the de. 
pressor nerves and denndin<r the mrotid sinuses of their inve.stments in 
order to allow the heart to oiievate uneontrolled. 

There is no evidence in the literature to disjirove the laet that ii heart, 
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in the presence of increased ]iressure and melaholism fas is true in 
hyperthyroidism) may not exhaust its uutritiftn and respnnil with moi- 
hid anatomical chuutros that may he erroneously nserihed to the }n>r- 
nicious impineemeut of thyroxin on tlie myoeardinm. 
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CABDIAC STATUS AFTER PROLONGED THYROTOXICOSIS* 

J. LIarion Read^ M.D. 

San Peancisco, CAiiip. 

'^HERE seems to be a growing tendency to question the existence of 
the “thyroid heai-t"^ (of Kraus). Recent pathological studies of 
McEachern and Rake,^ Thomas, = Cabot,® Lewis" and others have east 
great doubt upon the significance of findings reported by Goodpasture,'^ 
Pahr and Kuhle,® Goodall and Rogers' and other workers which suggest 
that the hearts of patients dead of thyrotoxicosis show definite evidence 
of myocardial change. All of these pathological studies seem to he in 
agreement, however, that there is no cliange peculiar to thyrotoxicosis 
such as the characteristic lesions by which we identify rheumatic, luetic 
or arteriosclerotic heart disease. 

Despite this lack of confirmation from the necropsy room, rrevertlieless, 
the impression seems to be generally prevalent that every thyrotoxic 
patient suffers a greater or lesser amount of myocardial damage. Thus 
the term “ Hyperthj’-roid heart” is found in every classification of heart 
disease, and suggests that an intimate causal relationship exists between 
hyperthyroidism and the cardiac disorders which sometimes manifest 
themselves in thyrotoxic patients. Such a widespread clinical impres- 
sion cannot be east aside lightly. Where there is smoke there must be 
fire. Even though Ave suspect that the fire is a smudge fire and the exces- 
sive smoke therefrom is no sure measure of its size or heat Ave must in- 
vestigate farther to discover the small flame of truth behind the Avide- 
spread impression. Although demonstrable, organic CAddenee of cardiac 
damage is lacking yet it is possible that the heart is functionally 
impaired. 

With the intention of ascertaining the amount and kind of functional 
impairment, I recently undertook a restudy of patients Avho Avere InioAvn 
to have been thyrotoxic for a prolonged period. This study Avas con- 
ducted in connection Avith a folloAA'^-up investigation of the late results 
of roentgen-raj^ therapy.® To the cases of that series I have added sca'- 
eral patients aaIio had been thyroidectomized, all of AAdiom Avere knoAvii 
definitely to have run a prolonged thyrotoxic course, and some of Avhom 
still have high metabolic rates after as long as ten years after operation. 

An intensiA^e study of this group seemed to promise information of a 
kind not usually found in studies of the thju’oid heart. If injury to the 
cardioA^aseular apparatus is a frequent seqxiel of thyrotoxicosis Ave might 
expect this group to reveal it. Such a group, AAdiile it presents some dis- 
advantages also possesses an advantage in that those patients given 
roentgen therapy may be considered to have run a longer course of tliy- 
I’otoxieosis than if this course had been shortened by thyroidectomy. A 

♦From the Division of Medicine, Stanford University Medical School. 
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4iixuivantagt' eMist.s. however, in estimating any cardiac damage cmisiHi 
by their former thynhoxicosis bceamse the time which has elapsed since 
tiicy Were thyrotoxic has seen many of tlicm i)ass into the age of degen- 
erative cardiovascular disease. This suggests that to estimate fairly the 
tlamage .susTered by tlie heart in thyrotoxicosis we should contjjie our 
studies to patients under forty years of age. But wlieii we recall tlnit 
few, if any, thyroid-cardiacs are seen under forty we are led to susitect 
tiuit the degenerative elmnges of the later deeades are predisposing or 
eomplicating factors in the condition called “tliyroid heart.’’ 

Tile data obtained from this follow-up study are shown in Table 1 
where jtertinent items obtjiiticd from an hiterval history and physical 
examination are su])plemented by tlie objective findings of pulse rate, 
blood pressure, ami heart size. An elect roeardiogram was taken iti every 
case, and df-viations from the normal are also recorded. Heart size was 
tletennined by n teleroentg(‘m»gram from which the eardio-thoraeic index 
and eanliue area were measured. 

The lirst ten patients jmiy be considered as a group since all have, nor- 
mal metabolie rates from si.x to twenty-three years after treiitmtmt, and 
by every te.st may he regarded a.s entirely recovered from their thyroid 
disease. N'one of tiiis group .sutrers from symptoms of eardiae, di.seaso. 
Two patients had dyspnea on e.xcrcise. One of tliese (E. B.) is twenty- 
five pounds overweight but her examination reveals no ahaormal findiiig.s 
and she has a normal response to a simple functional test. The other 
patient (11. C.j has definite evidence of cardiovascular disease with 
hhtod pres.sure 178/102 mm. and enlarged heart, as well as elcctroeardio- 
graplnc evidence of myocurdiui changes revealed in mild arborization 
block. Tills patient’s age is fifty ami .she is known to come of a hyper- 
tciiNive family, which, with the vciw .short coui-se of thyrotoxicosis which 
she e.xpencneed, leads me to believe that her thyroid tliseuse ten years 
ago jdayed no jiart in producing her j)rcsent liypertension. Her blood 
pressure at that lime was normal. 

Two others only in this group «lcserve comment. One (.1. (1.), tifty- 
Jive years of age. now ha.s a .sy.st<ilie pre.s.sure of 180 and .slight <*ar<liac 
enlargement. One ectopic heat was noted at e.xamination. This patient 
nm a lauu cour.--c, heiug under oh.scrvation fur o%'cr tliree years during 
which llnie .she showisl the characlcri.stics, rcmi.ssions and recrudc.scen.sc.s 
of tjraves’ disease. In Hejitemher, .she was observed to have a 

pulse irregularity which the cleetrocanliograph revealed as a progres* 
si\e auriculu-ventricular block in whieh every seventh or !*ighth impulse 
v-as blfjcked. This block and invershm of the T-wave in all leads sug- 


ge.st that her physician was giving her digitalis. Her electroeardiognuu 
at the |)reSi'n«. time is normal. With her .systolic hyperieiision w'e might 
.suspect tlm' tJiyrotoAic-o.ii.v, wu.-i an etiological factor in her ciise. This 
paUrul, however, wa.s known to have had a blood jtrc,->.surc of Iba to IhO 
la-fore slie ciiEue umler of,servaf ion for thyrotoxicosis. 
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The other patient (M. D.), presented, in 1922, the most r t al a 
Graves' disease I have ever seen. Her initial basal metnholic iate 
ivas a little above one hundred per cent. After tivo months o£ l.ospita 
zatiou and roentgen-ray therapy, resnlting in markexl improvement, the 
metabolic rate was still plus eighty per cent. This imtient s ease his oii 
has already been reported in detail elsewhere'^' and it suffices here to say 
that during the course of her thyrotoxicosis, which lasted over five years, 
she showed evidence of failing circulation in pitting edema of the feet 
and ankles. Now at the age of fifty-four this lady en,ioys the best of 
health in every way, with no residuals of her former thyrotoxicosis and 
no signs or symptoms of circulatory disorder. 

Included in this series are several patients who ran a very prolonged 
course, for reasons to be stated specifically for each case. Investigation 
of their circulatory systems for evidence of damage would seem to be a 
profitable procedure if the duration, rather than the intensity of thyro- 
toxicosis is the most potent factor in producing cardiac damage.^® hlost 
of these patients can be dismissed without comment as they show no 
evidence of eax'diae damage. 

One patient (G. B.) was seen in consultation in 1925 when she pre- 
sented a classical picture of Graves’ disease. She was having auricular 
fibrillation at the time and was considered loo ill for surgical interven- 
tion. She improved under medical care but has never been considered a 
good surgical risk and is now quite comfortable thougli her basal metabol- 
ic rate is plus 27 per cent and she has paroxysms of auricular fibrilla- 
tion. She has dyspnea and slight edema of the feet, which bad been 
noted four years previously. The daytime pulse rate is a little over one 
hundred per minute and her systolic blood pressure is 150 with a normal 
diastolic pressure. The heaid’s size is not increased. The electroeai'dio- 
gram also shows no abnormalities and resembles one taken four years 
ago except that the earlier tracing showed frequent ectopic beats. 

One other case (E. A.) deserves mention because of her very pro- 
longed tlij 1 otoxicosis and her relative absence of cardiac signs and 
symptoms, altbongb she is now fifty-eight years of age. She has suf- 
fered from thjwotoxieosis for over ten years, had two lobectomies in 
1922 and lias subsequently run a course marked by remissions and re- 
erndeseenees witli recorded basal rates as high as plus 33 per cent. »She 
still presents signs and s.nnptoms of toxic thyroid disease. She has no 
complaints referable to the heart and her blood pressure is 134/64 mm 
with a suggestion of alternation noted when taking the systolic pressure! 
ihe heart size just exceeds the normal and the only electrocardiographic 
nding worth mentioning is slight widening of the QRS complex. 

Patients who, from the dura- 
ton aiitl mtensrty of their tliyroid diMso might he e.vpeeted to ehoiv the 
most characteratie and e.vtreme cardiac damage, are siiignlarly free 
(loni evideiiee thereof although they average fort.v-five years of a'e. 
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If one may draw llic eoiiclnsion fj-om tliis small group that there is 
scant evidence of serious, permanent, cardiac damage in persons who 
have been thyrotoxie, there still remains the question: Whence comes 
all this cardiac smoke? Five years ago wrote that palpitation, tachy- 
cardia, arrythmias, hyj)ertension, and congestive failure, usually with 
auricular fibrillation, are the clinical findings which suggest cardiac dam- 
age in these patients, and pointed out that the first three cannot be ac- 
cepted as certain evidence of cardiovascular disease. Neither is there 
anything about the liyperlcnsion, Avbich is found only in older patients, 
that distinguishes it from ordinary liypertensive cardiovascular disease 
found alone or coincidental with other pathological statc.s. 

Auricular fibrillation which occasionally supervenes in the course 
of a thyrotoxicosis is a definite sign of functional abnormality. Its ad- 
vent in this disease, however, docs not ])rosage its likely continuance or 
have the .same significance that it does in rheumatic mitral steno.sis. It 
scarcely over occurs in iiatients under thirt.y, is often paroxysmal in 
nature and usually disappears with subsidence of the underlying 
thyrotoxicosis. 

Congestive failure, usually with auricular fibrillation, occurs in a 
small per cent of thyrotoxic patients and constitutes definite evidence of 
myocardial insufficiency. This docs not necessarily imply structural 
myocardial change, however, for congestive failure may supervene in a 
Jieart rendered temi)orarily functionally insufficient, but which is organ- 
ically sound. This fact finds, ])erhaps, its best illustration in those cases 
occasionally encountered in which the manifestations of congestive fail- 
ure overshadow the underlying hyperthyroidism. The existence of these 
eases has been pointed out by Levine’ - in his reports upon “masked hyper- 
thyroidism, ” where long existing fliyrotoxieosis has exliausted the 
cardiac reserve and led to conge.stive failure. As further evidence that 
it is functionally exhausted and not organically damaged I quote Levine 
Avho says of these cases that there is “no other type of heart disease from 
which a patient may so satisfactorily recover after reaching the extreme 
state of cardiac failure." Only recently we had such a case (W. C.) on 
the Stanford Service at the San Francisco Hospital. He did not cease 
fibrillating after thyroidectomy, as was expected, so quinidine was 
started on the nineteenth day after operation. His fibrillation stopped 
after the initial dose of five grains and he has remained regular without 
further quinidine medication. 

From the foregoing it seems logical to conclude that the “thyroid 
heart” is in reality a heart Avhich has exhausted its reserve through 
maintaining an augmented blood flow over a pei'iod of months, and 
sometimes years.” It is one prematurely aged by overwork rather than 
one damaged by a specific thyroid toxin. This viewqjoint finds support 
in the investigations of Willius and Boothby avIio saj^ that auricular 
fibrillation depends on the duration rather than the intensity of thyro- 
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toxicosis. In an extensive and earefnlly controlled study of heart sjo 
in thyrotoxicosis, Hurxthal and his co-workers'^ found no dcfinde lel - 
tionship between cardiac enlargement and the duration of the thyroid 
disease. It is thus seen that there is no correlation betAveen the seven y 
of cardiac manifestations and the duration or intensity of hy]icrt ly- 
roidism. This brings me to the conclusion that inherent cardiovascular 
disease may be hastened in its development by tlic added work placed 
upon the heart in thyrotoxicosis; and that whether a toxic thyroid pa- 
tient develops cardiac disease depends more upon the integrity of his 
cardiovascular system than upon the intensity or duration of his thyro- 
toxicosis. In addition I would emphasize that since the alleged thyroid- 
cardiac is nearly always past the age of forty years we should be cau- 
tious in assigning a previous, or coexisting thyroid disease as causative 
agent of the circulatory abnormalities which the patient jiresents. 


.SUM wary 

This is a clinical study aimed at ascertaining the amount of cardiac 
damage produced bj' hypei-thyroidism. Since it is generally agreed that 
duration of the thyrotoxicosis, rather than its intensity, is the important 
factor in causing heart impairment, only cases of ])rolonged thyrotoxi- 
cosis are included here. The eases of twenty patients known to have 
been toxic for six months to cloven years were studied. Only one of 
these may be considered a cardiac cripple, and this patient had evidence 
of circulatory failure antedating the onset of thyrotoxicosis by four 
years. Two other patients (aged fifty and fifty-five years) had hyper- 
tension, which, from their histories could not be ascribed to their thyroid 
disease. There was no correlation betAveen duration (or intensity) of 
thyrotoxicosis and heart size, blood prc.ssurc etc. 

It was concluded that Avhen cardiac failure sujicrvencd in the course 
of thyrotoxicosis it was a temporary functional insuffieimicy resulting 
from oveiwork (prolonged taehycai-dia, increased blood IIoav etc.), since 
there remained no evidence of permanent organic damage and because 
there is no characteristic patliological lesion. Furtlier evidence in sup- 
port of this AucAv is that thyroid-cardiac disease is seldom, if ever, fouud 
in young people, hut only in those in the later decades of life who have 
had their cardiac reserve already encroached upon by degenerative 
cardiovascular changes. 
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]\rYXEDEMA IlEAirr*^ 

A Eepoht Based L'i’ox a Study or 17 Cases or JIyxedema 
Ceouoe Eauu, 3^1.0. 

]\IlKNKArOMS. ^llKN. 


E apolis GoDCval Hospital with tho syjuptoins luul sj-rns «>r cxtreiiioly 
severe iieart failure: orthopnea, extrenje anasaren. aseites. cyanc^is. 
swollen liver (clown 4 cm.), aiul passive ecmpwstion of the lunp^s. the 
heart, was tremendously enhu^'ed on lelorocnt•reno^M•aph)e, exannnalion. 
iill. heinjr 11.0 cm. and l^fr. 8.0 em. T. 10.0 and total heart volume of 
950 c.c. I'lie elect roeardiofrraiu showed left preponderanee. nefrativc* 1 1 
and iso-clcetric T-j. QE8 duration -0.18 see. In addition the ])a1ient 
exhibited the symptoms and sipns of a hi"h <,M'ade myxedema : very slow 
speech, retarded cerebration, lo.ss of memciry, hnar.se voice, dry and seal\ 
.skin, hair very spar.se, dry and hritth'. a sallow jndlor ot the skin with 
cyanotic patches over malar prominences, pufiy eyelids with narrow lid 
slits, wrinkled forehead, all .so typical of hifrli 'rrade myxedema. There 
was a very stubborn constipation. Basal rate even wlien associated 
with .severe heart failure and dy.spnea -25. Other data of inlm'csl; 
temperature .90-98, ])ulse rate 70. Blood ])re.ssure 110/70 mm. Bed 
count 3,700.000. hcmofrlohiu 75 ]>er cent. Trace of albumin, few red 
cells and occasional hyaline and "ratiular casts in urine. 

The patient was {riven ahsohde rest in bed and ])Ut on fluid ri'.strietion 
and di'.dtalis. Xo remission in the .sifrns and symptoms of Jieart failure 
was observed on this treatment. Then hirfre doses of thyroid extraet 
(8 grams) were given and within a few days noticeable improveimmt in 
tlic .sym])tonis of heart failure were iioted. At tlu' end of four weeks on 
thyroid extract, all dysjnu'a, lung edema and ascites had di.sappcared, 
the liver had receded to the costal margin; wilhi)i twelve days the x-ray 
film showed tlic heart shadow .1.0 cm. smaller and in seven weeks' time the 
heart was normal in size, ]\II. 8.0 Jfr. -!.l T. 12.7. heart volume 490 e.e. 
or one-half oi its previou.s A’olume. The eleelrocardiogram hecanie nor- 
mal at the end of seven weeks. T, and T- wore ]n)sitivo, the QB8 time 
0.08 sees, or 45 per cent as long as before thyroid treatment was insti- 
tuted. The left prcjmndcrance had disn]>])eared. 'I'lie urine was free of 
albumin, easts and crjibrocytes. The imtient was now taken off tbvroid 
medieaBon and Avitlnn .seven Aveeks the heart had enlarged to lU. 10.5 
Mr. 5.5 T. 10, tlie 'L\ and T^ became negative, left i)reponderanee ap- 
peared and the QRS became 0.16 .see. Modei-ate. dyspnea and edema ap- 
peared and the liver came down below the costal nnii-gin. 7'Iiyroi(l was 

neanoUs Genevm^Hospital.'^ Alcdiclne of the AJnlvor.sKy of AIlimo.Motu nml iho Min- 
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again administered and in six weeks the iieart was normal in size, Ml. 8.5 
Mr. 4.2 T. 12.7. The electrocardiogram showed Ti and To upright, the 
left preponderance no longer present, and the increased QRS time re- 
duced to normal. 

The patient remained practically free from heart failure symptoms 
for seven years. At times she would become careless about her treat- 
ment and then mild symptoms of m 3 ’-xedema would appear with lowered 
basal rate. At these periods lieart failure sj^'raptoms would develop 
which would promptly disappear when thyroid extract in sufficient 
quantity -was taken again. Two years after beginning treatment, the 
patient’s blood pressure was 200/100 mm. and her basal metabolic rate 
5 to 10 per . cent above normal. On taking less thjwoid the basal rate 
wms brought dowm to -5 per cent but the blood pressure was up to 
170/90. Moreover, the electrocardiogram showed a split and prolonged 
QRS of from 0.14-0.16 seconds. We feel that there is a very strong 
probabilit}’- that this patient has a fairlj’- high degi-ee of coronary arterio- 
sclerosis. In fact I believe it ivas pre.sent eight jmars ago when she first 
came under mj’’ observation. At that time I believe the coronary nar- 
rowing was yeiy moderate. The split and iirolonged QRS appeared 
then because of insufficient circulation in consequence of the drop in 
diastolic blood pressure as wmll as the drop in coronary flow associated 
with lowered minute volume. When the circulation improved on th.v- 
roid extract the diastolic blood pressure "went up to 10-20 mm. Hg., 
the minute volume probablj’’ increased 50 per cent or more,’- and the 
circulation through the coronaries was much improved so that the QRS 
time decreased in consequence of better blood flow to the heart muscle.^^ 
Later with increased narrowing of the coronaries a point was I’eached at 
which coronaiy flow’’ w’as insufficient CAmn Avith increased diastolic and 
systolic blood pressures. For the past four jmars the patient has been 
living in Oklahoma and Avrites me that she has some d.A^spnea and tires 
easily and notices a very moderate pitting edema of the extremities at 
bedtime. Although she has not been regular in taking her thju’oid as 
she AA’as previously, because of the difficulties of getting it immediately 
Avhen her supply is exhausted, and probablj^ is in need of better thju’oid 
medication, yet I believe some of her cardiac sj^mptoms are consequent 
upon coronary arteriosclerosis. I am hoping to have her come to Min- 
neapolis for an examination in' the near future. 

No one can deny that the symptoms and signs of heart failure in this 
patient Avere largely consequent to the mjLxedema and w’ere cured by 
thjwoid medication after digitalis and rest in bed had failed. Her 
preAuous diagnosis made by A’eiy competent internists had been “myo- 
carditis, chronic A^alvular disease, mitral insufficiency^ myxedema.” For 


*Anrep= has shown that in the inner\'ated heart-lung preparation if the diastolic 
pressure is kept constant, the coronary flow increases when the minute volume m- 
creaRp.-? The increase in coronary flow under these conditions is probablj’^ due to 


creases. The increase in coronary 
vasodilation reflexly produced. 
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me tlie oiilv real problem in this case is: bow large a part did an asso- 
ciated coronary arteriosclerosis play? Certainly the amount o± coronary 
disease present was in itself insufficient to produce heart failure. On 
the other hand it may very well have been an ad.iuvant factor and is non 
undoubtedly present along with a moderate degree of hypertension. 

This case is a paradigm for five other cases of myxedema that I have 
seen in the past eiaht years, except that the electrocardiograms of tlie 
other eases showed normal QES time. Eight cases of myxedema showed 
milder degrees of heart failure and less severe degrees of dilatation^ of 
the heart." But all of these eight eases showed some dyspnea, pitting 
edema, reduction of vital capacity, rales at the bases, dilatation of the 
heart on teleroeutgenographic examination and very low iso-electric or 
necative Ti, all of which disappeared on thyroid medication; in six 
eases without any rest in bed. Three cases of myxedema showed no 
signs or symptoms of heart failure. One case had mild heart failure 
symptoms and a moderately dilated heart. He would not remain under 
treatment long enough to find out whether the signs and .symptoms of 
heart failure would recede under thyroid medical ion. Therefore we 
can sum up by saying that out of 17 cases of severe and moderately 
severe myxedema, 13 or 75 per cent showed symptoms and signs of 
heart failure, all of which disappeared after giving thyroid extract. 
The smnptoms and signs were extremely severe in five (30 per cent) 
of our cases. I believe that these figures gathered from a study of seven- 
teen cases give a fair representation of the status of myxedema lieart 
or heart failure in hypothyroidism; namely 70-75 per cent -will show 
some symptoms and 30 per cent will show a very severe degree of heart 
failure. Our oldest case was 70 years of age at the time symptoms and 
signs of myxedema and heart failure developed. Our youngest ease 
developed symptoms and signs of heart failure and myxedema at 19 
years of age. The arithmetical mean age for our 17 cases is 45 years 
for the approximate onset of myxedema heart. 

There is to my mind no question as to what constitutes the proper 
therapy in most of these cases— th.m-oid extract sufficient to bring the 
basal rate to -5 to 0. When coronary disease seems definitely estab- 
lished, I would add a theophyllin derivative to dilate the coronaries. 
There, is no objection to the use of euphyllin or other coronary dilators 
even when the diagnosis of coronary narrowing is not definitely estab- 
lished. I feel that digitalis is of little value in most of these cases ' I 
have taken patients off thyroid, allowed them to become decompensated 
and then have tried the effect of digitalis in adequate dosage upon the 
case foi periods of from two to three weeks, without a measurable effect 

equaTpeJ^^ilrr ™ 

'''' adequate explanation of myxedema heart 
Some years ago Sutherland Simpson of Cornell pro- 
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diiced cretin sheep and goats by removal of the thyroid sliortly after 
birth. Seventeen of these sheep and three of the thyroideetomized goats 
were given an autopsy examination by S. A. Goldberg, " Professor of 
Pathology at Coi'nell Veterinary College. These animals had lived 
from approximately one to two years after the thyroidectomy. Causes 
of death were not stated, some were merely killed for autopsy purposes. 
At autopsy, the signs of ascites, anasarca, hydrothorax, hydroperiear- 
dium, passive congestion of liver, passive congestion of lungs with lung 
edema, and passive congestion of the Icidneys, one or more were found in 
70 per cent of the animals. In a number of instances normal litter mates 
used as controls were autopsied at the .same time. The controls never 
showed the above signs. All of the cretin animals showed arteiuosclerosis 
and atherosclerosis of the large arteries with fusiform dilatation and 
lengthening, none of the controls did. The diagnosis of arteriosclerosis 
was made both macroseopieally and microscopically. The majority of the 
animals showed anasarca, hydrothorax, and ascites. Only one showed a 
passive congested liver. But it is to he remembered that nothing is said 
about the livers in the other animals. The hearts of nearly all the 
animals are described as dilated, flabbj’-, and pale. Goldberg also states 
that in the heart muscle of a number of these cretin animals, cross 
striation was absent, the muscle fibers were not normal in appearance. 
In this connection, it is to be remembered that Sutherland Simpson’s 
daughter,^ Ethel, studying the voluntary muscles of the sheep, found 
that there was a distinct difference, namely that the ejdoplasm of the 
muscles was very definitely in smaller quantity in the cretin sheep. 
The nuclei of the muscles in the cx'etin sheep were in much smaller num- 
ber than in the normals. 

If these autopsj^ examinations are to be accepted, then myxedema 
which was present in these ei’etin animals is frequently accomi^auied by 
signs of heart failure, of arteriosclerosis, and of changes in the heart and 
heart muscle which might be interpreted as due to or accompanying 
heart failure. 

Kurt Felix-"’ has reported upon some experiments carried out under 
Fi-iedrieh Mueller in which it seemed to have been shown that thyroxin 
added to the perfusion fluid of an isolated frog’s heart increased the 
amplitude of the beat or in other words, the work done per beat. 
Dynamometer and ergograph examinations of the voluntary muscles of 
myxedema patients from this clinic carried out by Professor Rockwell 
of the Department of Psychology of the University of Minnesota, show 
that the strength of the voluntary muscles is definitely reduced in 
myxedema and that mj^xedema muscles fatigue much more rapidly than 
the same muscles after thyroid treatment of the patient. It is not dif- 
ficult to imagine that lack of thyroid hormone which leads to weakening 
and increased susceptibility to fatigue of skeletal muscle will lead to the 
same functional changes in heart muscle. There seems to be enough 
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expez'imentai evidence tlien to make it seem very probable that lack of 
thyroid liormone weakens the licart and results in liearl. failure. 

We are inclined to believe that not a few of these patients have some 
degree of coronary arteriosclerosis usually not of such a degi-cc as to 
cause heart failure, but possibly aiding in the product ion of heart failure 
when m3'^xedema. develops and coronary flow falls because of the drop in 
diastolic, pressure and because of the drop in minute volume. On the 
other hand the coronary artcriosclero.sis is not, to be assumed as the main 



factor m the production of heart faibiro ti-, i 

bents developed myxedema and l.eirt ftil -e’T.T I’"''- 

case there is no reason viiatsoever tn . 

It IS of considerable interest to j ai’tcrioselerosis. 
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case of a German officer who was shot through the thyroid gland in 
December 1914. Abscesses formed in the thyroid, destroying the gland. 
Approximately a year after the injurj'- to the thyroid gland, symptoms 
of mild myxedema had developed and also a mild degree of dyspnea. 



Fig. 4. 


Fig. 5. 


4. — Electrocardiogram 
pjg-_ 5, — Electrocardiogram 


corresponding to Pig. 1. 
after thyroid treatment. 


Bnt it was three years after destruction of the thyroid gland before the 
severe stage of heart failure had finally developed. 

The patient whose teleroentgenogi’ams and electrocardiograms il- 
lustrate this paper was on thyroid extract for one year, at which time 





FAHR : }\IYXEDETkIA HEART 


97 


there l^•ere no symptoms or signs of mysedenm or 

the heart was normal hi size, the transverse fliameter being l-.d ami the 
basal rate + 3 The patient was tlieii taken oft thyroid extract and the 
basal rate immediately dropped, and within ten weeks’ time was down to 



Pig. 6.— Electrocaraiogram after withdrawal of thyroid extract. 

-30. The patient was under constant observation in the wards of the hos- 
pital. Iso change of any kind was noted nntil about 12 weeks 
treatoient had been discontinued when the nurses reported 
moving about more slowly and seemed to be less aetive. 
slowly only did symptoms of myxedema develop. In fact, 


after tliju'oid 
that she was 
Very very 
it was about 
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five months after discontinuing tlie thyroid treatment that the slowing 
up in cerebration and in ph^’^sical activities became outspoken. Four 
months after discontinuing the thyroid extract, a little pitting edema 
along the shin bone could be made out and about this time the nurses 
and doctors noted that the skin was becoming dry. Two montlis after 
discontinuing thjmoid extract, the lieart was approximately the same in 
its size. Five months after discontinuing tlymoid extract the heart had 
only dilated 1.6 cm. in transverse diameter. It was approximately 
eight months before the heart had dilated out about 3 cm. and dyspnea 
on exertion was fairly marked, the edema was moderately severe, and 
there were a few rales present in the bases of the lungs. Thyroid treat- 
ment was begun before the severest stage of heart failure wms readied. 

We feel certain that it would have taken a year or more before the 
heart would have attained its original transverse diameter and the 
sjunptoms of heart failure would have increased to their original sever- 
ity. It is interesting to note that ten weeks after discontinuing the 
thyroid extract, the first signs of change in the electrocardiogram show- 
ed up, Ti was then just barely positive. This experiment indicates 
that when the thyroid hormone is no longer supplied to a patient who 
has been supplied with sufficient thyroid hoi’mone for a year or more, 
the mental sjunptoms of myxedema begin to develop within a few weeks. 
Skin changes appear a little bit later and are very slmv in developing. 
But the changes in the heart, although thej' are indicated ivitliin a few 
months after discontinuing thyroid, 3’’et it is manj’’ months before they 
develop to their extreme degree. Our patient living in the hospital had 
few calls upon her phjmical activities and it is barelj’’ po.ssible that, if 
she had been at home and compelled to carrj^ out more phjmical activity, 
the heart would have dilated more rapidljL Our studies seem to indi- 
cate that the severest grades of mj^xedema heart are onlj^ found in pa- 
tients who have been in a lypothjmoid state for a number of years. 
Where we are fairlj^ certain that the h3’^poth3''roidism has developed 
vdthin a pei’iod of less than a j^ear or where the h.ypothyroidism is of 
mild degree, there we have noted that the dilatation of the heart and the 
S3’’mptoms of heart failure are of veiy moderate extent. Undoubtedlj’^ 
patients who for one reason or another are compelled to carry out con- 
siderable phj^sieal aetivitj’- develop their sj^mptoms more rapidly than 
those who can slow down their ply^sical activities when the slowing down 
of mental activitj^ takes place. 

Christian® has insisted that thyroid treatment may be dangerous in 
the treatment of nyxedema associated witli heart failure. I wish to re- 
port on a ease of mjrxedema with heart failure complicated bj" a severe 
degree of eoronarj* arteriosclerosis with improvement in the sj^mptoms 
of congestive heart failure on thju'oid treatment but ending in death 
from coronary thrombosis four months after beginning the thyroid medi- 
cation. This case will not only serve to point out the danger associated 
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witli thyroid treatment but will, I think, show why thyroid treatment is 
occasionally dangerous in these cases. 

This patient, a female, fortj’-six years old, cjune to the University dispensary 
complaining of slow speech, slow activities, both mental and physical, loss of mem- 
ory, mental depression, hoarseness, dry thick skin, loss of hair, cold hands and 
feet, all of about two years’ duration, having gradually developed to the pi-esent 
degree. For the past two months she had noticed shortness of breath with swelling 
of ankles. She had several attacks of severe precordial pain the ijast four months. 
During these attacks she was very much frightened and was afraid she would die. 
These attaclts sometunes caine on without exertion, but more frequently after ex- 
ertion and were then relieved on resting. 

On examination the patient talked verj' slowly, skin was dry, hair was very thin, 
skin over face was sallow with cyanotic spots on the cheeks, face and eyes swollen, 
narrow lid slits, finely Araukled forehead, nose broadened, lips and tongue swollen, 
no tj-pical myxedema of skin seen or felt, but rather di'y, wrinkled and with dis- 
tinct loss of turgor. There was slight pittuig edema of the legs, liver down below 
the costal margin one fingerbreadth, rales at both lung bases. Orthodiagram showed a 
generally dilated flabby heart; Ml. = 10.3 ]Mr. = 8.3 T. — 18.6. Transverse tho- 
racic diameter = 23.0 cm. The lungs showed the fluoroscopic signs of passive con- 
gestion. The electrocardiogram taken at this time lias been lost but the notes of 
the physician who road the electrocardiogram state "Delayed intraventricular con- 
duction, QRS == 0.12, left preponderance, low broad T,. ’ ’ Basal metabolism at this 
time when some dyspnea was present -20. One taken six days later was -25. The 
blood pressure was 140/104. The patient was put on 1 grain of Armour and Com- 
pany’s thyroid extract twice a day. Six days later she entered the Minneapolis 
General Hospital, In the six days ’ biterim the patient had taken only a small amount 
of the tliyroid extract prescribed. She was extremely nervous and apprehensive and 
was extremely difficult to manage, in contradistinction to the average case of high 
grade myxedema. On the first hospital day she had anginal attacks which were 
only relieved by morphine. Tliroughout her stay m the hospital, the jjatieut had 
frequent attacks of nausea and vomiting. Two grains of thyroid extract a day 
were administered. In addition 0.1 gram Euphyllin five times a day to dilate the 
coronaries. There were no more anginal attacks until on the eleventh day when 
she had another severe attack, unrelieved by amyl nitrite but relieved b}’’ morphine. 
Proiu this time on until her death, attacks of angina were present nearly every day 
and sometimes there were two or three attacks in one twenty -four hour ijeriod. 
Some of these attacks lasted forty -five minutes and were only relieved by large 
doses of morphine. There were some days on which no attacks appeared but the 
patient was undoubtedly in a "status angiuosus.” The blood pressure which was 
148/100 mm. on the day of admission dropped to 104/80 mm. on the fourth day 
iii the hospital and from this time on the diastolic pressure varied between 60 and 
80 mm. Hg. The vital capacity which was 1400 c.c. on admission went uj) to 2000 
c.e, or 80 per cent of her calculated normal within three weeks. In the meantime 
her edema disappeared, the liver receded behind the rib margin and the heaif went 
down to Ml. = 9.2 Mr, = 5.9 T. = 15.1 within five weeks’ time a recession of 3.6 cm. 
in transverse diameter. It never got any smaller than this so that part of the dila- 
tation bi this heart was not influenced by thyi'oid medication and therefore was 
probably due to another cause. The basal metabolism Asms normal within about six 
Aveeks after entrance to the hospital. The electrocardiogram AA-hich shoAved a de- 
pressed S-T interval, in the first lead ending in a T, Avliich only rose 0.5 mm. above 
the iso-electric line shoAved very little change after thyroid medication. We con- 
cluded from this that coronary, arteriosclerosis was irrobably present in this case 
in addition to myxedema. 
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For a time the patient seemed compensated and the anginal attacks became in- 
frequent. It appeared as if tlie patient miglit be improving. But about three 
months after admission the anginal attacks became very frequent, orthopnea sot in 
the heart was shown to be dilated on x-ray examination. Tliree weeks later tlie 
patient died suddenly. Autopsy was limited to the lieart. This weighed 475 
grams. There was almost complete occlusion of the left descending branch of 
the coronary artery witli a thrombus fartlier down in the lumen. The other 
two branches were narrowed. There was a necrosis of the heart muscle in the 
left ventricle indicating a thrombosis which must liavc been present for a few 
days. There was also a large mural thrombus in the left ventricle. There was 
fibrosis of the rest of the myocardium. It is possible that a piece of the mural 
thrombus became free and caused a cerebral embolus with sudden death. 

It is no longer a question in n^y own mind tliat this patient should not 
have been given thyroid medication. Tlie number of attacks of angina 
pectoris increased after giving thjToid treatment and very probabl.y be- 
cause of tlie tli.iToid. Autopsy showed tliat the patient liad a severe 
degree of coronary arteriosclerosis. That part of the coronary system 
which dilates considerably when minute volume increases could not di- 
late in this heart. Tlierefoi'e there was no increased flow of blood 
through these coronary vessels when the minute volume put out by this 
heart increased 50-100 per cent or more and the mechanical work of the 
heart muscle increased correspondingly. Moreover the drop in diastolic 
blood pressure which took place after the patient was put to bed in the 
hospital was a factor tending to reduce blood flow thi’ough these nar- 
I’owed coronaries. We must not foi'get that there is flow through the 
coronaries during sjAStole as well as diastole in feebly beating hearts 
whereas in vigorously contracting heaids, flow takes place almost entirely 
in diastole. The mjrsedema heart is a feeblj' beating heart and if the 
coronary arteries are hardened and no longer able to dilate and if the 
diastolic blood pressure does not rise, the flow through the coronaries is 
better in it than in the same heart after treating with thyroid extract and 
producing a stronger contraction. The blood supplj' to the heart muscle 
in relation to the work performed was veiy probably much less after 
than before giving thyroid extract. Probably in consequence of this, 
the attacks of angina pectoris increased in number. Probably the re- 
duced volume of flow through the coronaries aided in the formation of 
the thrombus. We are compelled to admit that thyroid medication 
might better have been omitted in the treatment of this patient. On the 
other hand, I believe that thyroid extract should be given to patients 
with myxedema and coronary disease provided no angina pectoris is 
produced and provided the heart shows signs of better function. Not in- 
frequentlj' angina pectoris attacks disappear after thju’oid treatment is 
started in mj^edema. In these eases ive must assume the coronaries can 
still dilate when minute volume increases. Moreover in most eases the 
diastolic pressure rises after giving thjrroid extract and in consequence 
the coronary flow increases propoi'tionately to this increase in diastolic 
pressure. It is a matter for the judgment of the clinician to decide 
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when to give and when not to give thyroid 
safe to try thyroid extract out and base 
phenomena produced by it. 


extract. It is nearly always 
the medication upon the 


SUMMARY AMD CONCUUSIOX.S 

Seventy-five per cent of all of our cases of myxedema show some signs 
and symptoms of heart failure. Thirty per cent of all our cases of 
myxedema show very severe symptoms and signs of heart failure. The 
volume of the heart in these severe cases is increased aj^proximatcly 100 
per cent. 

Thyroid extract relieves the symptoms and signs of heart failure 
promptly. Digitalis is of doubtful value. lifany cases of myxedema 
heart are complicated by coronary arteriosclerosis. If the coronary 
narrowing is extensive, thyroid extract treatment may be eonfraimli- 
cated because the coronary flow may deci'ca.se at the same, time that the 
mechanical work of the heart increases. In these eases if angina ])ectori.s 
develops after treatment with thyroid extract or increases in frequency 
and in intensity or if the heart failure .symptoms do not decrease, then 
thyroid extract should not be given or should be given in reduced 
amount. 

The age of onset of myxedema heart varied between nineteen and 
seventy years of age. The average age being forty-five at onset. 
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CONGESTIVE HEART FAILURE AND HYPERTROPHY IN 
HYPERTHYROIDISM ; A CLINICAL AND PATHOLOGICAL 
STUDY OP 178 FATAL CASES«' 

Edwin J. Kepler, ]\r.D., and Arlie R. Barnes, M.D. 

Rochester, ]\Iinn. 

TN ANY study of cardiac lij-pertrophy the selection of a standard by 
which hypertrophy may be measured is of the greatest significance, as 
it is obwous that the integrity of one’s conclusions dejiends almost en- 
tirely on such a standard. Cardiac hypertrophy in hyperthyroidism would 
practically cease to be a problem if a universallj'' accepted standard for 
the weight of the normal heart were available. Bell and Hartzell,^ in 
1924, discredited practically all the standards published up to that time 
by showing that the increase in the average size of the heart after the 
fourth decade was due largely to the inclusion of cases of hypertension. 
Smith,''' in 1928, found that there was no relationship between age alone 
and weight of the heart, but that there was a definite correlation be- 
tween the weight of the heart and the weight of the body if cases of 
hypertension and cardiac disease per se were excluded. At the same 
time he formulated a standard for cardiac weight based on bodily weight. 
In the present study we compared the weight of the heart at necropsy 
to Smith’s maximal normal value for the usual weight of the jiatient 
prior to illness. It is probable that hearts weighing more than Smith’s 
upper limit of normal values are hypertrophied. 

It is almost self-evident that in the presence of hyperthyroidism the 
\veight of the heart will depend on: (1) the weight of the heart before 
the onset of hyperth.yroidism, and (2) any change in that weight which 
the hj’perthyroidism might produce. Theoretically, at least, it is con- 
ceivable that hyperthyroidism might result in either an increase in 
cardiac weight as the resxdt of increasing the work of each beat, or, 
under some circumstances, in a decrease as the result of malnutrition. 
There is little doubt that malnutrition in non-hyperthyroid states may 
result in cardiac atrophy. The hearts of patients dying of wasting 
diseases are usually small; victims of famine have been found to have 
small hearts, and in inanition, experimentally produced, cardiac atroph}'' 
can be demonstrated. A complete consideration of the effects of inani- 
tion on the heart may be found in the woi'k of J ackson" on this subject. 
There is ample evidence in our material to indicate that loss of bodily 
weight in hyperthyroidism may be a factor in the determination of car- 
diac weight. Certainly the effect of malnutrition cannot be dismissed 
lightly when one considers that the average loss of bodilj’’ weight in our 
cases was about 25 per cent, and in some instances as high as 50 per 
cent. 

*Proni the Division of Medicine and the Section on Cardiology, The Mayo Clinic. 
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To present the problem more concretely the case is presented ol! a 
Jnan ated sixty years, Y'ho came to The Mayo Clinic because ol. per- 
sistent exophthalmic goiter following thyroidectomy s,x years prevu)usb_ 
Her usual weight was 135 pounds. At the lime ol. death she weighed 0 
pounds, a loss of 50 per cent. According to Smitlrs standard * 

of her heart before she was taken ill should have been between 203 and 
286 gm. What was happening to the weight ol her heart while her 
bodily weight was decreasing to 50 per eent of its lormer amount.? I. 
there were no other factors at work, her heart in all likelihood would 
lose a considerable portion of its weight. How much it would ImYC lost 
.;e do not know. But during her illness her heart was eon! routed with 
the burden of mobilizing metabolites at a rate of 08 per cent, more than 
normal. At death the heart weighed 300 gm., 14 gm. more than Smith s 
maximal value for a woman weighing 135 jiounds. What conclusions are 
we justified in drawing from eases of this ty]m? Can we conclude that, 
the heart was spared while the body as a whole lost weight, or that, the 
lieart hypertrophied to the extent of 34 gm., or that the heart Yvould 
have been much larger had not the lo.ss of bodily weight tended to pre- 
vent h.ypcrtrophy ? The present study Avas underlalcen Avilh the hope 
that Ave might be able to sharpen our conceptions of the problem, rather 
than to formulate any final opinions. 

The material for study consisted of 110 fatal cases of exoiihthalmic 
goiter and sixty-eight fatal eases of hyjmrfunctioning adenomatous 
goiter, obsciwed at The Mayo Clinic OA'cr a ])eriod of ten years ending 
January, 1931. In all instances the clinical diagnosis Avas verified by 
histological examination of the thyroid gland. Complete necrojisy Avas 
performed in each case. In the entire group there Avere 120 females and 
forty-nine males, distribAAted through all the decades from the second to 
the eighth inclusive. Except for elcA'cn patients aged more than sixty 
years, the eases of exophthalmic goiter caiA be divided into three groiAjAs 
approximately equal in number: patients aged less than forty yeai's; 
patients aged between forty and fifty years, and patients aged bolAvcen 
fifty and sixty years. Except for ten patients aged lo.ss than fifty years 
and tAYO aged more than scA’cnty, the patients Avith hyjAcr functioning 
adeiAomatous goiter Averc distributed about, equally in the sixth and 
seventh decades; tAventy-five of the entire series Averc aged lo.ss than 
thirty-fiA^e years. The latter group Avas studied separately because of 
the relative infreqAAence of hypertension and degeneratiA'c iesions of the 
heart occurring in patients of this age. The relatively large number of 

atal cases of exophthalmic goiter among young persons can be explained 
by the fact that although the series of cases extends over a period of ten 
years, compound solution of iodine in the treatment of exophthalmic 

lost of the patients had suffered from severe hypcrthvroidism as 

lOAvn by the fact that only twenty-four of the patients with exoph- 
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tlialmie goiter had determinations of basal metabolic rate lower than +50 
per cent. 

It is important to evaluate earefully the facts regarding the material 
which we have used for studj’-, as, in a sense, it is selected. Since it is 
relatively unusual for hjTJcrthyroidism to terminate fatally, a considera- 
tion of post-mortem observations alone may possibly lead to a distorted 
picture of the disease as it usually occurs. Furtliermore, we are con- 
sidering eases in wdiich, as a group, severe long standing hyperthyroidism 
had been present, and our conclusions therefore may not apply to mild 
cases of short duration. 

Of the 178 cases, eighty-eight (49 per cent) liad to be excluded from 
the study of hj^^ertrophy because of hypertension, recognized clinically 
or because of intrinsic disease of the heart recognized at post-mortem 
examination. One ease "was excluded because the weight of the heart was 
not recorded. iUl patients with a imeorded diastolic blood pressure 
reading of 90 mm. of mereurj’- or higJier were considered to have hyper- 
tension. Most of the patients had several blood pressure readings re- 
corded, and if at any one time a diastolic blood pressure reading of 
90 mm. of mereuiy was obtained, we considered tlie patient to have 
hjTjertension and excluded his case from the study of hypertrophjL "We 
do not maintain, however, that "we have thereby eliminated all patients 
who may have had hjqjertension prior to the onset of hyperthyroidism. 
Ftu’thermore, as hj^perthyroidism sometimes causes a transient elevation 
of the diastolic blood pressure it is ijossible that some cases in which 
hypertension was not present have been excluded. An analysis of the 
remaining eighty-nine cases which consisted of sixty-nine cases of exoph- 
thalmic goiter and twenty eases of hj^perfunctioning adenomatous 
goiter revealed the following : 

1. In fifty-seven eases of exophthalmic goiter and sixteen eases of 
hj^perfunetioning adenomatous goiter, a total of seventy-three eases (82 
per cent) , the hearts weighed less than 400 gm. 

2. In eleven cases the heart weighed less than 250 gm.; in twenty 
eases it weighed between 250 and 300 gm., in fortj^-two cases between 
300 and 400 gm., and in Of teen eases between 400 and 500 gm. In one 
case the heart weighed 530 gm. 

3. "^^Hien a comparison of the weight of the heart was made with 
Smith’s standard maximal value for the usual weight of the jDatient 
prior to illness, it was found that in 49 per cent of the eases the actual 
weight of the heart exceeded the maximal standard value. It is highly 
probable that such hearts are actually hypertrophied. If the actual 
weight of the patient at the time of death was used as a basis for com- 
paring the w’-eight of the heart to the standard, it was found that in prac- 
tieallj^ all instances the weight of the heart exceeded Smith’s maximal 
values. 

4. A study of the cases of seventeen patients aged less than thirty- 
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five Tears vitfiout lOTcrIensioii or intrinsic disease ol tlic licarl slmvcd 
tliat'tlic lieort ivciglicd less than 400 gitt. in sixteen (94 tier cent) of 
easesi in seven (41 per cent) of the eases the heart iveighed helAveen 300 
and 400 gm., and in one case (C per cent ) it iveighcd moio than 400 g . 
Thirty-five per cent of the patients aged less than llnrty-five years had 
cardiac weights exceeding Smith’s maximal normal valnes. 

5. There were only four patients whose cardiac weight was less than 
the normal minimal standard value. One of these patients was a girl 
aged fifteen years who had lost 48 per cent of her usual bodily weight. 
Another was a patient with mild hyperthyroidi.sm of three months’ dura- 
tion, who died following a lai^aroiomy done twenty-five dny.s alter thy- 
roidectomy. The remaining two patients had lo.st respectively 37 and 
44 per cent of their nsnal bodily weight. 

6. In the eighty-nine eases under consideration there were sixty-six 
cases of exophthalmic goiter and twenty cases ot hyperfunctioning 
adenomatous goiter.* These sixty-six cases of exoifiithalmic goiter could 
be separated into three groups: (1) thirty patients whose hearts might 
be considered to be hj'pcrtrophicd, that is, the weight oi the heart ex- 
ceeded the maximal normal values by 20 gm. or more; (2) nineteen pa- 
tients whoso hearts might be considered as bei)ig normal or slightly 
hypertrophied, that is, the weight of the heart did not difl’or by more 
than 20 gm. from the maximal normal valnes, and (3) seventeen i)a- 
tieuts whose hearts weiglicd less than the maximal normal values by an 
amount exceeding 20 gm. A consideration of these thi’ce groups showed 
that the percentage of patients whose hearts exceeded the maximal nor- 
mal values tended to increase in each succeeding decade, and that, con- 
versely, the percentage of patients whose lienrts weighed le.ss than the 
standard tended to decrease in each suceoodi)ig decade. The percent ago 
of patients whose hearts were approximately equal in weight to tlio 
standard varied independently of age. No constant correlation between 
the height of the basal metabolic rate and the weight of the heart could 
be found, although of nine patients whose basal metabolic rates were 
above h- 100 per cent, the weight of the heart exceeded the maximal 
standard in seven. It was also found that the majority of patients whose 
hearts weighed less than the standard or equaled it in weight had been 
ill for one year or less and tliat, conversely, the majority of patients 
whose hearts weighed more than the standard had been 'ill for much 
longer periods. Those facts indicate that the duration of the hyperthy- 
roidism IS an important factor in the determination of the wein-ht of the 
heart A rough parallelism existed between the loss of bodily wei-ht 
and the weight of the heart. Of the thirty patients whoso cardiac 
weight exceeded the maximal normal standard, only three (10 per cent) 

move than 30 pev emol tl.e Wi,,- ‘ "J™*) 

Of the patient Prior^to°mness was^no^ Inclmlotl because U\e usual 


woiprht 
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patients whose cardiac weight Avas less tlian the maximal normal stand- 
ard, eight (46 per cent) had lost more than 30 per cent of the bodily 
AA^eight. 

A consideration of the facts presented leads us to helicA^e that in a 
given case of hyperthyroidism the Aveight of the heart at death Avill de- 
pend on the resultant of several factors, among Avhich are: (1) the 
Aveiglit of the heart before the onset of hyperthyroidism; (2) the age of 
the patient; (3) the duration of liypcrtlijn-oidism ; (4) the amount of 
excess Avoi’k for each beat as the result of hyperthyroidism, and (5) the 
amount and rapidity of tlie loss of bodily Aveight. In a series of cases 
one Avould expect to find, depending on Avhieh factor predominated, 
cardiac Aveights ranging from subnormal values to Amines definitely in- 
dieatiA'e of hypertrophy. 

CONGESTIA^E HEART FAILURE 

CongestiAm heart failure occurs as a manifestation of hj'pertlija’oidisni 
Avith such frequency that Moebius Avas led to belicAm: “Basedow pa- 
tients suffer and die tlirougli their hearts.” Since tliis dictum Avas 
formulated the pendulum has sAA-ung to the other extreme, so that hoav 
one frequently encounters statements to the effect tijat there is neAmr 
failui’e of the heart in hy^perthyroidism unless the heart has been diseased 
prior to the onset of hyperthyroidism. There probably is some truth in 
each of these attitudes, but tliere is reason to believe that neither is en- 
tirely correct. 

Severe congestive heart failure manifested by edema of the loAAmr ex- 
tremities Avith ascites or hy’-drothorax occurred in tAA'enty-seAmn cases 
(15 per cent) of the entire group of 178 cases under consideration. In 
nine of the eases of congestive failure no clinical or pathological evi- 
dence of hypertemsion or intrinsic cardiac disease Avas present, and it is 
probable that if the heart had been relicAmd of the burden of hyper- 
thyroidism, health avouIcI have been I'estored to all of these patients, AA-ith 
the possible exception of one patient aaIiosc right auricle contained a ball 
thrombus. 

In the remaining eighteen eases hypertension or intrinsic disease of 
the heart Avas jiresent. HoiAmAmr, in eight of these eases there Avas no 
clinical or pathological evidence to indicate that cardiac compensation 
and restoration of health AAmuld not have occurred if it had been possible 
to have controlled the hyqierthyroidism. In the remaining ten eases the 
ultimate prognosis might liaAm been questionable because of the presence 
of severe hypertension, nepliritis or otlier cardiac disease even though 
thyroidectomy could have been performed successfully. 

From the foregoing it is evident that of the tAventy-seven cases of 
congestive heart failui-e restoration of health Avould probably have oc- 
curred in at least seAmnteen, if the hyperthyroidism could liaAm been 
controlled. 
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It is lunisual for cmifrestivc' lioart fnilnvo lo appear during (lie eourse 
of li;^Xoidism in yooE. palients. In this series of « . e.. 
were only two patients aged less than thirty-five yeais ni o n in i< 
hypertension and nephritis. The other, a man aged thirly-lwo yeais. 
had congestive heart, failure, no cause for which other than Inpt itli - 
roidism was found. The weight of tlie heart, at death oi four patients 
with conge.stive failure was less than tlOO gm.. and of one patient it 
was only 205 gin. This patient was a woman aged forty-three years who 
had had exophthalmic goiter for seventeen months. She was admitted to 
hospital in a severe state of decompensation. On examination, edema of 
the legs, ascites and bilateral hydrothorax were revealed. The basal 
metabolic rate was ^71 per cent. Auricular librill:if ion was pre.sent. 
The blood prc.s.sure in millimeter.s of merenry was l(i2 sy.stolie and 52 
dia.sfolic. An electrocardiographic tracing showed aiiriciilnr lihrilln- 
tion and an inver.sioii of the T-waves in the derivations 11 and 111. 


Under treatment the ]iatient ini])roved so that double ligation of the 
superior thyroid arteries could he performed, following which eardiac 
compensation was restored. 8iie. returned to the elinie three months 
later greatly improved. There was no evidence of the former decompen- 
sation except moderate edema of the leg.s. Tlie eardiae rliylhm was iior- 
nial. Following thyroidectomy .severe reaction oeeiirred from whiidi the 
patient died in Ic.ss than tAventy-l'oiir lionrs. At iiecniji.sy the rigid 
anriele and left ventriele were, foniid to he markedly dilated, bid tbe 
heart was otherwise iioriiial. Undonhtedly there are many similar ea.ses 
in which the patients do not die that are elassified ns eases of hyperthy- 
roidism witli indepondent disease of the heart because of tlie pre.senee 
of eongestive failure. 

Auricular fibrillation oeenrred willi increasing fre<|uency in each 
decade in the 178 cases, and cither auricidar fibrillation or anrieular 
flutter occurred in practically all of the cases of conge.stive lieai’f failure. 
Clinically, one secs patients with hyperthyroidism who tolerate auricular 
fibi illation remarkahly well. On (he iither imnd. eardiac decompensation 
may occur in the cour.se of hyperthyroidism wlien tlie auricles fdirilhdo 


so rapidly that a pulse deficit occurs; for exam]de, the heart of the jm- 
tient whose case histoi'y wa.s jirst. cited might not have been decompen- 
sated had the eardiac rhytlini remained normal. In a study emujirisod 
only of fatal cases of hypertliyroidi.sm if is impo.ssiblo to evaluate auricu- 
lar fibrillation as a factor in. the production of conge.stive heart failure 
In one of onr eases congestive failure and death .seemed to ho the result 
primarily of; a dislurhaiieo in cardiac rhythm. This jiatient wa.s a 
woman, aged foriy-tliree yeans, who Jiad auricular flutter iirior to ihv- 
roidectomy After thyroideetoniy normal rhythm was established A, 
he time of her dismissal from the clinic .slic appeared to lie in '.mod 

reTu ted '''' ’-‘‘ourrenee of the auricular flutter, fm-she 

to the clinic two mouths later with .severe doeonipensation and 
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with, an established auricular flutter. Death occurred shortly afterward. 
Post-mortem examination failed to disclose any intrinsic cardiac disease. 

SUMMARY AND CONCLUSIONS 

1. In eighty-nine fatal eases of hypertlijoroidism, without evidence of 
hj^pertension or complicating disease of the heart, the weight of the 
heart in 49 per cent of the eases exceeded Smith’s maximal standard 
values calculated on the basis of the patient’s weight prior to illness. 

2. The weight of the heart in a given case of hyperthyroidism depends 
on a number of factors, among which are : the weight of the heart prior 
to the onset of hyperthyroidism, the age of the patient, the duration of 
h 3 '’perthyroidism, malnutrition with its tendency to decrease the weight 
of the heart, and finally the amount of excess work placed on the heart 
as the result of hyperth 3 '’roidism. 

3. In 178 fatal cases of hyperthyroidism severe congestive failure of 
the heart occurred in twenty-seven. Of these coronar 5 ^ sclerosis, hjTper- 
tension, acute or chronic pericarditis, rheumatic endocarditis or sypliilis 
were present in eighteen (67 per cent). In the remaining cases no cause 
for the congestive failure other than hyperthjuoidism could be found. 
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■)c.s of eases of associated angina 


N A previons paper Avc* reported a .ser - 

rt hyroidi.sm. In tliat report avc called attention to 


pectoris and liypertii.Mumio.... 

tlic fact that the association of angina ])ectoris and hyperthyroidism 


MlCl. 01 ilnglnHi a\viiv:u> • 

Kepler^ in a series of :I3 patients with angina pectori.s and hypcn*tli; 
roidism report iinprovomcnt of the anginal symptoms in the majority 
of their snhjccts after thyroidectomy. 

It must he reincinhercd that there are many eanses ior idlest jiaiii and 
that not all .snbsicrnal or iirceordial distre.ss moans angina poet oris. 
One niu.st exclude the pain and distre.ss ot mitral st miosis, aortic stenosis, 
pericarditis, endocarditis, aortitis, aortic insnnieieney. etc. This we have 
endeavored to do in our present rejiort. 

There is no reason why a ]intient with angina jieidoris may not de- 
velop some other disease, and conversely wiiy angina ]iceloris may not 
occur in the cour.se of another illness. On the mere basis of chance there- 
fore, angina pectoris could he associated with almost any other disease. 
If, liowcvcr, certain eonditions occur more commonly than othcr.s in as- 
sociation with angina pectori.s, and if. particularly, the removal and the 
eradication of these conditions is usually followed by relief and im- 
provement of the anginal syndrome, then it is only logical to helievc that 
the association was something more than merely casual or accidental. 
We believe it indicates a probable “cause and efiVef *’ relaliou.slii]). and 
it is in this son.se that we used the word “assoeiation” in the title of onr 
first paper. 

Angina pectoris has been associated Avith a number of diseases. It 
has been reported in association ivilh the anemias.^- " diabetes, tonsil- 
litis and rhenmalisin. coronary di.sease and otliers. Syphilis, wiiieh was 
at one time believed to be a frequently associated factor in angina pec- 
toris has been shown to be of very little significance. It is listed last in 
Kalin’s- report of over a dozen associated diseases in a series of S’’ pa 
tients ,viHi angina pectoris, Novcrll,clo,s,s, it is onr praclico lo nnilcc a 
Wrmam, test and rnie „„t s.vpliilis in all eases of angina poeinris 
paiticu lariy ,vl,en it ocettrs in younger inilivi,l„,,|s. 


the 
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toris has also been associated Muth excessive smoking® and abdominal 
adhesions.® 

In angina pectoris, male patients are in the majority while in hyper- 
thyroidism, females have predominated. In the associated cases, females 
outnumber the males, live out of six in our previous series and seven- 
teen out of thirty-three in Haines and Kepler’s group. We are not cer- 
tain why angina pectoris should be more prevalent in women with hyper- 
thjwoidism than in men. It may be a mere coincidence, or it may be that 
we see so many more women with hyperthyroidism than men, that 
complicating or associated conditions are therefore more likely to be 
also found in gi’eater number among the female patients than among 
males. 

FOLLOW-UP REPORT 

In 1928 Ave i-eported six cases of associated angina pectoris and hyper- 
thj^roidism. Five of these had a subtotal thjwoideetomy performed. 
Four of these ivere reported as having been relieved of their anginal 
pains for a period of from six to seventeen months at the time of our 
Avriting. The fifth patient Avas not improved and died a month after 
thyroidectomy. We haAm been able to folloAV up three of the surAuving 
patients. 

Mrs. I. H., aged fifty-nine years, liad had tj'pical attacks of angina pectoris for 
a number of year's wiiieh iiad become especially more frequent, more severe, and more 
incapacitating in the tAvo years prior to her admission to the hospital. A subtotal 
thyroidectomy Avas performed in Januarj’-, 1929, for an e.xophthalmic goiter. She left 
the hospital nearly a month later after recovering from a postoperative broncho- 
pneumonia. It is noAV OA'er three years since her thyroidectomy. There liaA'c been 
no recurrences of any chest pain or distress to date. She is hoaa' able to Avalk in the 
cold and against a cold AAdnd Avithout any of the previous “seA’ere grinding pain in 
the left chest and under tlie sternum” lAdiich often caused lier to stop in her foot- 
steps until the pain disappeared. The complete postoperative relief of anginal symp- 
toms, Avhieh AA^ere becoming progressiA^ely more frequent and more severe, indicates, 
AA’e belicA’e, some relationship betAA-een the malfunctioning thjuoid and the production 
of angina pectoris. 

Mrs. A. B., aged fiftj'-nine years, suffered AA'ith angina pectoris for several years 
and an exophthalmic goiter AAdiich had become quite cA’ident in the past year. Tliese 
anginal pains Avere so pronounced that a surgeon in one of the hospitals dared do no 
more than a single polar ligation for the hyperthyroidism. This afforded no relief 
either for the chest pains or the hyperthyroidism, and tlie patient entered the Michael 
Eeese Hospital several months later. On March 30, 1927, a subtotal thyroidectomy 
Avas done. For the next tAA'elve months she aa'us free of chest pains. In the latter 
part of 1928 and for a period of about six months she had mild infrequent sub- 
sternal distress on effort. She then continued free of all anginal pains until No- 
vember, 1931, Avhen she had a sudden stroke (cerebral hemorrhage) AA'hilo Avorking in 
her kitchen at home and died 24: hours later Avithout regaining consciousness. This 
ease illustrates improA-ement of angina pectoris folloAA’ing thjuoidectomy for an as- 
sociated exophthalmic goiter. In addition, in this case, surgery Avas also folloAved by 
marked improvement of cardiac decompensation AA'hich AA-as present for soA-eral years 
prior to thyroidectomy. 


I.EV AND IlAMBURGEn : ANGINA PECTOlUS AND HYPKirrHYHOIDISJt HI 

Mrs A J., ngcd sixlv-two years, sulTorcd AvitU ftagiaa inn-tovis aart an adenoma 
n-itli hyportl.yroulism for about seven montbs prior to ber adnnss.on 
Hospital, March 13, 1927. X-ray trealiuonts to the tbyrmd f.nilcd to J’" _ ; ' 

On March 29, 1927, after the usual preoperative prci)aratiou, a subtotal th)ioi(let 
tomy was performed. have soon this patient from time to time now over a ])enm 
of 5 years. She is quite active for a woman of licr years, and witli tlic occ.asiona 
exception of mild precordial discomfort following .some ])ronouncea nervous <>r emo- 
tional strain, she has had no recurrence of her severe anginal .syndrome. This case 
illustr.atcs improvement of angina pectoris following thyroidectomy for an adenoma 
with hyperthyroidism. 


Report of new eases : 

CaSD 1.— Mrs. H. K. (A7o3-i2) housewife, aged forty-live years, had a thyroid- 
ectomy performed in Juno, 1920, for an adenoma with hyperthyroidism. Slie was 
not seen again until ISlarch, 1932. She stated then tliat following the thyroidectomy 
she felt Avell until two years ago. Since then she has beim noting snb.sternal pain 
coming after effort, on walking, particularly rvalking .after a large meal or against 
a cold wind. The pain was also noticed following nervousness and e.vcitement. The 
pain frequently radiated to left sliouldcr and arm and caused tiio ])alient to stop and 
rest until it disappeared. In addition, she had noted an enlargement in tlie region 
of the left lobe of the thyroid. Coincident with this .she was becoming aware of in- 
creasing nervousness, weakness and insomnia. 

Examination showed a pulse of 88 and a blood pressure of 210^190 mm, A firm, 
smooth nodule, the size of a hazelnut, w.ns pnlpalilc in the loft thyroid region. Two 
bas.al metabolism tests were 21.7 per cent above normal. Our impression was that 
this was a case of recurrent thyrotoxicosis with angina ))ectoris, Tlie jmtiimf was jiut 
on LugoFs solution m. x t.i.d. p.e. Slie has now been under observation for one 
month. Tlie chest pains have disappeared entirely. The relief of the anginal pains 
without any other restrictions or treatment is very .suggestive, .Surgical removal of 
the thyroid nodule is being considered. 

Case 2. — Mr. J. IV,, lifty-ninc years old, tobacco inerclmnt, seen in May, 1928 
complained of pain in the chest for the past two years, Tliis distress consisted of a 
severe pressing pain rctrosternally coming on walking, stair climbing ami .after 
nervous o.xcitation. The pain radiated at times to the right chest. Rest relieved the 
pain. 


Examination showed; pulse 84; B.P, 190/110 mm,; Wassermauu react ion, nega- 
tive. ^Moderate exophthalmos; Yon Graefc .sign po.sitivc; thyroid negative to in- 
spection and palpation. The heart w.as enlarged to the left and right and the .second 
aortic tone was accentuated and booming. The liver dullness extended llirec fingers 
below the riglit costal arcli but was not tender on pre.ssure. Fluoroscopic and x-ray 
cxaimmition of the cliest showed ,i non-puls.ating mass the size of an orange in the 
superior mediastinum on the right side. Tlic ma.ss moved with deglutition. Tim 
trachea Avas moderately compressed and deviated to the left. Our impression was 
that this was a case of thyrotoxicosis (snbstcnml thyroid) with angina pectoris. 

A basal metabolism test made the next day wa.s 7.0 per cent Imdow normal. How- 
ever, we continued to regard tliis as a ease of hjiicrthyroidism. Following a -series 
of x-ray treatments over the snbsternal mass in the next few months, his chest pains 
dmppeared almost entirely and the substernal mass decreased in size. Tn Xovember, 
1931, his basal inetaboli.sm rate was IS.G per cent above normal. He Avas tben put 
on LugoPs solution m i to x H.I.H. in incrensing doses. He has rcmuinml fnm dJ 
anginal symptoms up to the time of tiii.s report. 

We believe this case is one of angina pectoris occurring in association with a sub- 



112 


THE AMERICAN HEART JOURNAL 


Sternal thyroid. Plummer” and Morris” have reported cases of h.yperthyroidism 
TA’itli normal or lowered basal metabolic rates vith improvement after thyroidectomy. 

Case 3.— Mr. S. K., married, merchant, was diagnosed as a thj-rotoxic case in De- 
cember, 1925, at tlie age of fiftj’-seven years, and was given several x-ray treatments 
over the thyroid region. When seen again in August, 1929, he complained of sub- 
sternal discomfort in the past eight weeks. One week ago he experienced a sudden 
severe pain in the region of the preeordium accompanied by a sense of impending 
death. Pain was relieved by nitroglycerin under the tongue. Two basal metabolic 
rates ivere -f-51.1 per cent and -f3S.5 per cent respective!}'. Diagnosis at this time 
was angina pectoris and thyrotoxicosis. A month later he again complained of in- 
creasing precordial pains associated with effort and worrj'. A basal metabolic rate 
now was 55.9 per cent above normal. Ten days later after the usual preoperative 
care, a subtotal thyroidectomy was performed. Patient left the hospital a month 
later after recovering from a postoperative right lower lobar pneumojiia. It is now 
over two years since the thyroideetom}'. He has contmued feeling well to date and 
has returned to active duties as executive of a large concern. 

We have had other patients illustrating the same association of angina 
pectoris and hj^ierthyroidism, with relief of the angina pains following 
the administration of iodine and thj'-roideetomy, but for our present 
purpose, these three case reports will, we believe, suffice. 

DISCUSSION 

In angina pectoris associated vdth hj^ierthyroidism we -would suggest 
that the already accelerated heart, working at a constant disadvantage, 
is more susceptible to any sudden or inci’eased demands made upon it 
by exertion, nervous influences, etc. Such a heart, if it be competent, 
responds to these demands -without the appearance of au}^ distress; if 
not competent, pain may foUoiv. The occurrence of angina pectoris in 
individuals close to or over fifty years of age, ratlier than in younger, 
hyperthyroid patients, suggests that in the former the heart may already 
be the seat of some vascular or myocardial clianges and tliat the added 
burden upon such a heart by an increased bodj’- metabolism results in 
the heart being unable to meet still further some sudden demands upon 
it, and cardiac pain results. In young hyperthyroid individuals, -with 
the myocardium and vascular supply intact, the hjTierthjn-oid heart is 
still able to meet increased demands, and no pain results. We believe 
this to be the more likely explanation for the occurrence of angina pain 
in older thyroid patients. 

We do not feel that angina pectoris in hyperthyroidism represents a 
separate entity due to any specific effects of the thyroid gland, but 
rather that in these hearts there is already some underlydng groundwork 
for the occurrence of angina jiains in the presence of hyperth.yroidism. 

The practical importance of this repox’t is the recognition that angina 
pectoris and hyperthju’oidism may and do occur in association with each 
other. The possibility of an offending thyroid should be more often 
considered and looked for in eases of angina pectoris. In elderly women 
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especially slioulcl tlic possibility of an underlying tbyroid disorder be 

rnled out in eases of angina pectoris. 

We are of the opinion that angina pectoris in ca.ses of byportbyroiclism 
is no contraindication to tlijunidectomy. We believe rather that surgery 
is strongly indicated. In our experience these patients, after the proper 
preoperative treatment, tolerate subtotal thyroidectomy about as avcH 
as otlier eases of liyperthyroidism in the hands of a competent sxu’geon. 
The postoperative relief of the hyperthyroid and angina symptoms in 
most of the patients justify, in our opinion, the surgical steps talcen. 


SUMXilARY 

Attention is called to the associatioir of angina, pectoris and hyperthy- 
roidism. We believe that thyroidectomy is not contraindicated in the 
presence of angina pectoris, and have foxind that in the majority of 
cases relief of the anginal symptoms followed the use of iodine and 
thj'Toideetomy. The exact mechaxiism of the prodxiction of angina pec- 
toris in lu'perthyroidism and the interrelationship between the two con- 
ditions are not clearly understood at this time. We believe, however, 
that in such patients the underling groundwork for the anginal syn- 
drome already exists, such as coronary sclerosis with or without occlu- 
sion, myocardial fibrosis, aortitis, etc., and that the toxic thyroid (liyper- 
thyroidism) is the additional burden which precipitates an anginal 
attack. 
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THE INFLUENCE OF THYROID EXTRACT AND HYPER- 
THYROIDISM ON THE ELECTROCARDIOGRAM, WITH 
SPECIAL REFERENCE TO THE T-WAVES* 

Johnson BIcGuire, M.D., and Makgaket Foulger, M.D. 

Cincinnati, Ohio 

TDROOF of a definite relationship between an increased metabolic rate 

and the form of the T-wave of the electrocardiogram would be in- 
valuable in differentiating Graves’ disease from other clinical condi- 
tions which are accompanied by tach 3 ’'cardia. Such definite proof is 
still lacking, though a certain t 3 ’'i)e of T-wave of lai'ge amplitude and roll- 
ing contour has been noted in man 3 '’ eases of h3q3erth3U’oidism, and has 
been called a “th 3 a'oid T-wave.” 

Hoffman^ in 1914 was the first to call attention to the high T of electro- 
cardiograms in h 3 ’-perth 3 U-oidism. He believed that the height of the 
T-wave paralleled the rapidit 3 ’’ of the pulse. 

In 1918, Krumbhaar- corroborated these observations, but in the same 
year White and Aub^ concluded that there is a veiy limited correlation 
between the rate of basal metabolism and the amplitude of the T-wave. 

Pardee"* observed an increased height of the T-wave in definitel 3 ’’ toxic 
eases of lyperthyroidism. Lewis® stated that in thyrotoxicosis "except 
from the enhanced rate of beat and slight changes resulting therefrom, 
no definite alterations have been seen in the shape of the ventricular 
complex. ’ ’ 

Willius® has studied a large series of cases of lypertlyroidism electro- 
cai’diographicalL’' and noted that the T-waves are frequentl 3 ’’ unusually 
prominent, especially in lead 2. 

Hamburger," in a series of cases, has repoiled the T-wave increased in 
height in several, but states that the increase is not uniform and has 
little, if an 3 ’', relationship to the rate of the pulse. 

Don and Langle 3 ^® in 36 cases of toxic goiter concluded that the size 
of T bears no constant relationship to the metabolic rate or clinical con- 
dition of the patient. 

To determine an 3 ^ speeifieit 3 ^ of changes in T-waves during th 3 Totoxi- 
cosis the records in 222 cases were examined. After eliminating such 
extrinsic factors (which are apt to alter the T-wave) as digitalis, iodine 
therapy and complicating heart disease, there remained but 16 records. 
In 4 of these the rolling contour of the T-waves is beautifully exhibited. 
(See Pigs. 1 and 2.) 

The characteristic thyroid T-waves differ from the ordinar 3 ^ T-wave 
in their individual and peculiar contour. (See Fig. 3.) There is not 
necessariU^ an increase in tlieii’ width or height although frequently 

♦Prom the Department of Internal Medicine, University of Cincinnati. 
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they are of imusual duration and amplitude. As Lewis= has 
the changes' of the T-wave in such patients are tlie consequence of an 
crease in the cardiac rate, electrocardiographic records of 2o cases ex- 
hibiting a sinus tachycardia from a variety of causes have been examined. 
None shows the high voltage or “rolling” T-waves which were seen in 
some of the eases of thyrotoxicosis. In addition, electrocardiographic 
records of 25 cases of neurocirculatory asthenia were studied, and much 
to our surprise T-waves quite similar to the so-called “thyroid T-waves 






Fie. 1. Piff. 2. 

Figs. 1 and 2.— T-waves in hyperthyroidism illustrating the liigh voltage and rolling 

contour. 


have been found in 5 and these in patients witli a pulse rate of 90 or less 
(Fig. 4.) 


Because of the rather confusing results both in our clinical studies and 
in the literature pertaining to this subject, it occurred to us that the ad- 
munstration of thyroid extract to individuals without hyperthyroidism 
might be of interest. Five volunteers were selected and the records from 
2 of the 5 cases are shown in Figs. 5, 6, 7 and 8. It should be mentioned 
tiiat m Case 1 (Figs. 5 and 6), a patient with nephrosis, the basal 
metabolic rate was changed by medication from —30 per cent to 
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-f25 per cent. This patient received 6 grains of thyroid extract daily 
for one month. In Case 2, a normal individual (Figs. 7 and 8), the con- 
trol pulse rate was 80 and was increased to 130 by the administration 



Fig-. 3. — Diagram of "tliyroid T-wave” (solid line) and normal T-wave (dotted line). 







Pig, 4. T'-wave in neuroeirculatory asthenia simulating the thyroid T-wave. 

of daily doses of 6 gi’ains of thyroid extract for 2 weeks. In the re- 
maining 3 eases there was an increase in the voltage of the T-waves but 
not to the same degree. Fig. 9 (the record of a patient with hyper- 
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tlijH'oidism, a basal metabolic rate of +33 and pulse rate of 60) 
shows that the rate per sc is not the specific factor which so remarkably 
influences the voltage and configuration of the T-waves. 

As we were unwilling to administer toxic doses of thyroid extract to 
humans, it was decided to give large doses of this substance to normal 
dogs. In the first animal the cardiac rate in the control was 78 and the 
T-wave upright. Following the administration of thyroid extract, 20 




Fig. 5. 

Figs. 5 ana G.— A case of neplirosis before 


Fig. G. 

ana after thyroid meOication. 


the rate increased to 120 and the T- 


grains daily for seventeen days 

waves became peaked.^' ’ - - 

administration waTtbei! Waglia were extirpated. Thyroid 
» 33 days. One aees'rtS“;;eu:rd“’^^^^ 

T-waves become negative and resemble In ° the 

1^-ty oeelnsion. but this change 
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hours the electroeardiogi-am resembles the control record. During thy- 
roid extract medication the T-waves again become negative and the rate 
progressively increases, reaching 120, after tlie dog had received 150 
grains. At no time did the so-called thyroid T-waves appear in this do« 
or in any other dog in whom the T-waves were originally negative. 

SUMMARY 

It is apparent, therefore, that there has been no uniformity in the 
electrocardiographic findings in patients with thyrotoxicosis. The 




Fig. 7. 



Figs. 7 and 8. — Electrocardiogram of a normal individual before and after administra- 
tion of 84 grains of thyroid extract in seventeen days. 


“thyroid” T-waves seem to bear no relation to the pnlse rate nor to the 
basal metabolic rate. Furthermore, there is no constancy in their occur- 
rence. Patients with marked degrees of tachycardia may fail to show 
T-waves of high amplitude and, conversely, with a slow pnlse I'ate they 
may be encountered. This would seem to eliminate the heart rate as 
a factor in determining the height of the T-waves. And similarly it 
appears that the basal metabolic rate can be shown to have no relation 
to the amplitude of the T-waves. Chai'acteristie, so-called “th.vroid” 
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T-waves liave been found in our records of patients witli thyrotoxicosis 
with metabolic rates as low as — 32. Some othei’ factor must be sought 
to explain their occurrence. This factor, we believe, is probably unre- 
lated to the thyroid gland per se, since we have found similar T-waves 
in cases of neuroeirculatory asthenia. 

Since a high pulse pressure is common in thyrotoxicosis and is not 
infrequent in neuroeirculatory asthenia, we are investigating its relation 
to the amplitude of the T-waves, but can express no opinion at the pres- 
ent time. 



I 'i "I* 







3 aie seen also in neuroeirculatory asthenia. 
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4. In dogs the administration of large doses of thyroid extract causes 
tachycardia and increase in the voltage of the T-waves. 

5. Removal of the stellate ganglia in one animal experiment did not 
prevent the development of tachjmardia under thyroid medication. 
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AURICULAE FlBRILLA'riON IN GRAVES’ DISEASE'^ 

Paul S Baricer, M.B.. Ann Arbor, Mich., Anne L. Bohnino, U.T)., 
Chicago, III., and Frank N. Wilson, M.D., Ann Arbor, Mich. 

A lthough tlic importance of the cardiac complications of Graves 
disease! had long been recognized, auricular fibrillation, one ot 
the most common and serious of these complications, received but 
meager notice prior to 1918. In that year TCrumbliaar^ eallled at- 
tention to its frequent occurrence in hyperthyroidism. Since 1923 many 
papers-"--'’''’"’"’®’®’’'’ have appeared in -which the various aspects of 
auricular fibrillation as a complication of Graves’ disease have been dis- 
cussed. The purpose of the present report, is to present a brief sum- 
mary of the study of lOS eases of auricular fibrillat.ion in Graves’ disease 
observed by us between 1923 and 1927, 

In addition to these 108 patients observed personally by us, there were 
many other eases in which auricular fibrillation was observed or sus- 
pected by other members of the hospital staff. It is estimated that ap- 
proximately 15 per cent of (he jiatients with Graves’ disease in this 
clinic during these years had auricular fibrillation. In general, it may 
be stated that only the more seriously and critically ill patients, or 
those in whom the cardiac manifestations of the hypci’thyroidism were 
most prominent were referred to u.s. 

A general survey of this .series of cases reveals the following facts. Of 
the 108 eases studied, 74 had toxic adenomatous goiter, and 34 had 
exophthalmic goiter. I'hc patients in the adenomatous group were some- 
what older tlian tho.se in the exophthalmic group, the average age of 
the former being .OI years and of the latter 47 years. The average age 
for the entire series was 51 .5 years. The average duration of the thyroid 
enlai’gement was much longer in the adenomatous grouii, being 19 years 
as compared with 3 years for the exophthalmic group. ’J’he average 
duration of the so-called “toxic .symptoms,” however, was 1.4 years in 
the former and l.,5 years in the latter; and of auricular fibrillation 1 year 
and O.S year, rcspoctively. Of the 74 ])aticnts with adenomatous goiter 
56, or 76 per cent, were females, while only 14, or 41 per cent, of the 
34 patients n-ith exophthalmic goiter were women. The basal metabolic 
rate before treatment was somewhat higher in the exophthalmic gi’oup 
than in the adenomatous, the averages being plus 53 per cent for the 
former, plus 46 per cent, for the latter, and plus 48 per cent for both 
combined. The mortality also was distinctly higher in the 

MicWga?Melic?So'Sr‘ Internal Medicine, University Hospit.nl, University 
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exoplitlialniic groxip, being 38 per cent as compared with 22 per cent for 
the adenomatous gi’oup and 27 per cent for the entire series of eases.^ 
In spite of these dissimilarities between the two gi-oups, there were no 
significant differences from the cardiac standpoint, so that for the pur- 
poses of this study the entire series may be considered as a whole. This 
is in a^’eement with the conclusions of Kerr and Henseh- 

H[igh glade congestive ca? diac foiluvc was much less common than 
might be expected, occurring in only 17 per cent of these cases. A slight 
grade of failure occurred in 46 per cent, while 37 per cent showed none 
of the usual signs of congestive failure, although shortness of breath 
and palpitation were common symptoms. Only half of the patients who 
died had cardiac failure and some of these had pneumonia, hemorrhage 
and other complications, which probably were important factors in the 
fatal outcome. 

Auricular fibrillation in Graves’ disease is much more often transient 
or paroxysmal than that due to other causes. In this series 25 cases, or 
23 per cent, were of this tj^e. Of these, 5 had auricular fibrillation 
only during a rather stormy postoperative period. The patients with 
parox 3 ’’smal auricular fibrillation did not differ materially from those 
with chronic auricular fibrillation with respect to age, duration of 
symptoms, or basal metabolic rate. Quinidine stopped individual at- 
tacks of fibrillation in some of these patients, and in many it either pre- 
vented the occurrence of attacks or reduced their, frequency, while in 
others it appeared to have little or no effect. Of these 25 patients, 19 had 
thyroidectomy and 15 survived the postoperative period. These were 
all relieved of their fibrillation with the exception of one Avho had only 
hemithyroideetomy, and whose attacks were temporarily stopped but 
returned 3 months after operation. 

The cardiac manifestations of Graves’ disease may dominate the clin- 
ical picture and obscure the underlying thyroid disorder. Indeed, 
auricular fibrillation, apparently due to Graves’ disease may appear 
before there is a significant elevation of the basal metabolic rate or any 
e^ddence that the work of the heart has been increased, as illustrated by 
the following cases. 

One was the ease of a woman 47 years of age, who had .attacks of paroxysmal 
auricular fibrillation for three j'ears. For a long time careful study revealed no 
evidence of Graves’ disease or of any organic heart condition which mignt have 
caused the attacks. The heart rate and blood pressure were normal between the 
attacks. Finally tremor, loss of weight, diarrhea appeared; still the basal metabolic 
rate was only plus 13 per cent. Thyroidectomy was performed and the patient was 
completely relieved of these symptoms and of the attacks of auricular fibrillation for 
a period of at least 5 years. 

The other case was that of a man, 21 years of age, who had attacks of auricular 
flutter in the spring of 1925 and again in October, 1925. Careful examination re- 


*This mortality is high by present standaras. The reasons this, we believe, are 
that the most seriously and critically ill patients tvere referred to us, and that tne 
full benefits of iodine w^ere not obtained in the earlier cases. 
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vealcd no abnonunlity of tl.o l.oarl or of tho tbyroid .uiglit lunc 

caused flic attacks. The blood prmur,. and tl.o heart rale were normal dunnc 
the normal rhythm. The basal metabolic rale was minus 1.". rer cent and minus 
17 per coat upon two occasions iu November, 19".'.. In :Mareh, l-t-/, there aji- 
peared nervousness, tremor, swoatiiiK, and Hushing, and the blood ^ 

160/0.') mm.; still the basal metabolic rale wa.s only plus 1 per cent. In May, 
the patient developed very .severe e.vophtlmbnic goiter from which he recovered en- 
tirely .after subtotal thyroidectomy. There have been no further attacks of 
flutter. 

In tlie.se two ease.s there is stroner prc.sumptive cvitlenee. (hiit the 
cardiac disturbances were duo. to Graves’ disease,, hut apiunired heCore 
tile Graves' syndrome was fully developed tiud heiore there wa.s any evi- 
dence that the work of the hear! was materially inerctiscd. 'J'hy- 
roidectomy after the Graves’ disease was fully developed resuHetl in 
complete cure, with cessation of the. allaek.s of ahnormtil rhytlini. '1 hrec 
somewhat similar cases have been reported by Hamilton.’' i.shart’' has 
al.so called attention to eases of this type. Other eases resembling these 
have recently hcon described by ^lorris.'" Levine and fsturgi.s*'' and 
Parkinson and CamphelP' have reported cjises in wliieh the eardia*; 
manifestations were so jiromiuenl as to ma.sk the underlying Jiypcr- 
thyroidism, even when the basal metabolic rale was elevated. 

Digitalis is somewhat le.s.s cfi’eclive in auricular fibrillation due to 
Graves’ disoa.so than in filirillafion due. to other eanse.s. On the average 
the amounts of the drug tolerated arc larger, and the henefieial clTects 
are le.ss striking. Nearly all of our ]>at.icnfs received a .standardized 
tincture of digitnli.s, one cubic centimeter of which equalled one eat 
unit. It was given in doses of two cubic cenlimoters. three time.s d;iily. 
and was usually continued cither until a satisl’aclory (dinical response 
occurred or to the point of mild intoxication. The aiqiroximale toler- 
ance could ho e.stimated in 40 eases. If the average normal toleranee 
is 15 cat units per 100 jiovinds of body weight”' and the average 
normal rate, of disappearance of the drug is L4 eat nnit.s j)er day'’’-”' 
(and this was in accord with the results obtained in ]m1ients with librilla- 
t.ion not duo to Graves’ disease), then these 40 ])a1icnts hud u toleranee 
which was 134 per cent of the normal average. Four had a, toleranee 
nhieli was more than two and one-halt times the average normal. Only 
one fell consjhenously below the average tolerance; .slie. was ;i, very obese 
woman of 63 years, with a basal mctaholie rate of only iihis 14 ]mr cent, 
who developed nausea and ventricular rate of 64 after Inking only 36 
per cent of the theoretical digitalizing do.se. Digitalization, carried out 
as described above, reduced the average ventricular rate in this group of 
imtionts from 119 to 90 per minute. The average ha.sal metabolic rate 
of these Patmnts wa.s ])]us 48 per cent, tlic .same as for the entire series of 
108 eases The re.spou.se of some of these patients to the intravenous ad- 
mmistration of ouaham or digifoliue was determined and found to he 
n \c w lolc le.ss striking tlian that of patients Avith auricular fibrillation 
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not due to Graves’ disease. In general it may be said that the patients 
■with tlie liigher basal metabolic rates have higher initial ventricular 
rates, tolerate larger amo-ants of digitalis, and show less ventricular 
slowing in response to digitalis. Exceptions to this rule, however, are 
common. 

The most striking failures of digitalis to slow the ventricles were ob- 
served in the very toxic state which sometimes occurred shortly after 
thyroidectomy. While this state persisted large doses of digitalis given 
inti’avenously often failed to influence the heai't perceptibly, and ven- 
tricular slowing occurred only after the extreme thyroid intoxication 
had passed ofi;. 

Some patients showed entirely satisfactory slowing of the heart by 
digitalis, and a few had slow ventricular rates before the administra- 
tion of the drug. Most, but not all, of these were patients with relatively 
little elevation of the basal metabolic rate. Our experience in respect to 
digitalis is similar to that of Poster,’® Sturgis,”' and Grant,’® and is eoii- 
trarj'' to that of Kerr and HenseP and Hamilton.® 

Following successful treatment of the underlying Graves’ disease, re- 
covery from auricular fibrillation ^vith the return of normal rhythm is 
usually prompt and striking. Restitution of the heart to normal is often 
complete in every respect. Our experience suggests that, generally 
speaking, the most satisfactory treatment for the cardiac manifestations 
of Graves ’ disease is partial or subtotal thyroidectomy. Only 53 of the 
68 patients operated upon survived. This is a mortality of 22 per cent, 
and, when compared ivith the almost negligible postoperative mortality 
in Graves’ disease without auricular fibrillation, emphasizes the well- 
knomi fact that the presence of auricular fibrillation is accompanied by 
a material increase in the risk of thyroidectomy.’®- ’® Nevertheless the 
mortality -was considerably higher in those who had other forms of treat- 
ment; 14 of the 40 patients, or 35 per cent, who did not have thy- 
roidectomy, died. Some of these, of course, did not have thyroidectomy 
because it was thought they were in too serious a condition to withstand 
this operation. Furthermore, the degree of improvement is strongly in 
favor of surgical treatment, many of the patients who recovered from 
operation being restored to practically complete health while none of 
those who did not have thyroidectomy are loiown to have recovered 
completely. 

Of the 53 patients who survived thyroidectomy 28, or 53 per cent, were 
completely relieved of fibrillation by operation alone. In only 7 of these 
did fibrillation persist for more than 2 weeks follo^ving operation. Of 
the other 21 patients, 13 had paroxysmal fibrillation which did not re- 
turn after convalescence from opei’ation. Two of the 28 patients failed 
to respond to quinidine after operation. 

Of the remaining 25 patients, 14 were given quinidine which restored 
normal rhythm in 11, while the 3 in which quinidine failed, and the 
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n others, who did not receive qvliiiidme, eontimicd to have ™'‘™' ^ 
fibrillation and arc not known to liavc rclnrned to norma rhjdhm A1 
bnt one ot the patienls who failed to respond to qnnmlinc developed 
tovie svjnptoms upon very small doses, so that the drug could not he 
given in adequate amounis. Most o£ the patients in this scries who were 
given quinidine received the drug during the second or third poslopera. 


live wcgIc, 

Six patients received qninidine preoperatively. In 3 of tliese norinal 
rhytlnn was roslorecl, bnt fibrillation returned in all during or following 
operation. Shnilar discouraging cx])eriencc.s with quinidinc prcoiiera- 
tively have been reported by Sturgis^' Hamilton,'' and otbers, Avbile 
Foster'® and Head"® advocate the adminislrntion of quinidine before 
tbjwoideetomy when fibrillation is present. 

Of the 40 patients who did not have tbyvoidcclomy, fi received 
quinidine, with restoration of normal rbylbm in 4, Of the 34 who did 
not receive quinidinc only 1 stopped fibrillating; in tbo. otbers tbc auric- 
ular fibrillation persisted. 

Oiir experience suggests that, thyroidectomy is at present tbc best treat- 
ment for Graves’ disease complicated by auricular fibrillation. We be- 
lieve that in addition to the usual preparation for operation these pa- 
tients should he fully digitalized. Soon after operation, within a few 
days or a few weeks, quinidine may be given to those who do not return 
to normal rhythm spontaneously. In this manner one may expect to 
restore normal rhythm in approximately 90 per cent of tbc jmtients re- 
covering from operation. When the normal rliAdlim follows operation 
spontaneously or in response to quinidinc thcraiiy it is usually perma- 
nent,, no doubt, because the cause of the fibrillation has been vemoved. Tlie 
mortality, although considerable, will be less than in other forms of 
treatment and the proportion of patients restored to practically normal 
health will he very high. Tliere is no other type of chronic heart, di.sease 
in which .so nearly a. complete recovery is possible. The frequent spon- 
taneous return of normal rhjdhm after thyroidectomy has been empba- 
sized by Krumbhaar,! Hamilton, Sturgi.s,^' Dunhill, Praser, and Stott,-' 
and Laliey.'’® The value of quinidine in those eases in which fibrillation 


persi.sfs after thyroidectomy has been stre.ssed by nunbill, Fraser, and 
Stott/' Lahey,"'' Hay,-® Anderson,-^ and otbers. 

Cardiac bjTiertropby is seldom pronounced in Graves’ disease. Car- 
diac enlargement ivhen present is due chiefly to dilatation. In some of 
our patients the clinical signs of considerable cardiac enlargement, were 
confirmed by roentgenological examination. In otbers, however, the -rent 
overaetivity of the heart gave the impre.ssion of considerable enlarce- 
men wien the x-ray films showed little or no increase in the heart ’.s size 

enlargement elinieally or by 
- <}. f the 29 patients ivlio died, 33 came to aut,o]isy. The averao-e 
mart weight in these cases was 438 grams. In only two instances did 
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the heart weigh more than 500 grams; in each oi! these it weighed 530 
grams, and one of these two patients had hypei*tension during life. 

In some respects tlie cardiac disturbances of Graves' disease resemble 
tJiose induced by the toxemia of an acute infection such as diphtheria 
or pneumonia, especially in respect to the frequency of transient or 
paroxysmal disturbances of the cardiac rhythm, and the almost complete 
return to normal after recovery from the underlying condition. The 
rarity of pronounced cardiac liypertrophy suggests tlie operation of 
other factors than overwork of the heart. Those cases in which the 
cardiac disturbances, presumabl 3 ^ due to Graves’ disease, occur before 
there is anj* evidence that the work of the heart has beeji increased lend 
further support to this view. In full}'' developed Graves' disease, how- 
ever, the work of the heart is obviously inci'eased to a significant extent 
and this is undoubtedly one of the important causes of the eardiae com- 
plications of this disease.^'’ Difficult as it is to estimate the rela- 
tive importance of tlie mechanical and the toxic factors, these observa- 
tions suggest that Ihe toxic factor is of considerable importance. 
Although this conclusion is contrary to the opinions of Hamilton,'* 
Lahey-- and others, it is in agreement with the views of Goodpasture-' 
and Plummer.-® 

.SUMHARY AND CONCEUSIOKS 

A study of 108 cases of auricular fibrillation in Graves’ disease, ob- 
served between 1923 and 1927, is presented. The incidence of this com- 
plication in this clinic during those years was approximatel.v 15 per cent. 

The average age of the patients studied was 51.5 yeai’s. Tlie average 
basal metabolic rate was plus 48 per cent before treatment; mild or 
severe cardiac failure was present in G3 jier cent; and the mortality for 
the series was 27 per cent. 

Aui’icular fibrillation due to Graves’ disease is more likely to be tran- 
sient or paroxysmal than that due to other causes. In this series 25 
cases, or 23 pei' cent, Avere of this type. 

The cardiac manifestations of Graves' disease may dominate the pic- 
ture and obscure the underlying tlijmoid disorder ; the.v may even ante- 
date all other recognizable signs of the Graves’ disease causing them. 
Two cases are cited in illustration of the latter observation. 

Digitalis is less effective than in fibrillation not due to Grains’ disease. 
The amounts tolerated are on the ai'erage larger and the beneficial ef- 
fects are less pronounced. 'Ihe digitalis tolerance could be estimated in 
49 instances. In these the average tolerance ivas 134 per cent of the 
theoretical normal tolerance, and the effect of digitalization was to re- 
duce the average ventricular rate from 119 to 90 per minute. In the very 
toxic states which sometimes followed operation large doses of digitalis 
intravenously did not influence the ventricular rate materially. 

Following successful treatment of the underlying Graims’ disease, re- 
covery from fibrillation is often prompt and striking. Eestitution of 
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the heart rhythm to normal is often complete. Thyroidectomy followed 
by the use of quinidine in those patients in which normal rhythm does 
not return spontaneously soon after operation may he expected to restore 
normal rhythm in approximately 90 per cent of the cases. 

Cardiac hypertrophy is seldom pronounced. Enlargement, when pres- 
ent, is due chiefly to dilatation. The average weight of the hearts of 13 
patients coming to autopsy was 438 grams. The two heaviest hearts 
weighed 530 grams each. 

In some respects the cardiac disturbances of Graves’ disease resemble 
those induced by the toxemia of an acute infection. Although it is dif- 
ficult to estimate the relative importance of the increased work the heart 
must perform as compared to the toxic factor, the infrequency of liyper- 
trophy and the character of the cardiac disturbances suggest that the 
latter is of great importance. 

Tlie writers desire to express their gratitude to Dr. F. A. Coller and to otliers 
of the Department of Surgerj- for the opportunity of observing some of the pa- 
tients included in this study. 
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THE INCIDENCE OF AURICULAR FIBRILLATION AND 
RESULTS OF QUINIDINE THERAPY 

John P. Andekson, IM.D. 

Cleveland, Ohio 

'X'HIS report is based oii a study of the patients from the surgical 
services of Dr. Crile and Dr. Dinsmore during my association at the 
Cleveland Clinic from 1923 to 1931. It includes 426 patients with 
auricular fibrillation "who had a complete thyreoidectomy, vliieh permit- 
ted the study of final results. During the same period there were ap- 
proximately 150 additional patients Avith hyperthyroidism and auricular 
fibi’illation who, for one rea.son or another, never had a complete thy- 
roidectomy and hence are not included in this report. 

The incidence of auricular fibrillation in patients Avith hyperthy- 
roidism has A’aried in different years from 6 per cent to 9 per cent, but 
during the year 1930 it Avas S.3 pov cent and in 1931 it Avas 8.9 per cent. 

I think these figures represent an aecui’atc proportion. In 1928 only 
5.87 per cent of patients Avith hyperthyroidism presented this heart 
complication. This Avas a year Avhen there AA’as an unusually large 
number of patients Avith h.yperthyroidism and also an unusually large 
number Avith symptoms Avhich had persisted for only .short periods, in 
some for only one to three months, and in such a group, I think, one 
might expect a smaller incidence of auricular fibrillation. 

The beginning of this period (1923) antedates the j'outine preopera-. 
tiAm use of iodine as advocated bA* Plummer, and at that time ligation of 
thyroid arteries Avas being done in 60 per cent of the patients at the 
CleA-elaud Clinic. FolloAving the institution of the routine use of iodine, 
it Avas found that ligation of the arteries Avas almost never nece.ssary, 
and noAv it is done onl.y occasionally. Lobectomy or thyroidectomy is 
usually done at the first operation; this has reduced the mortality 
considerably. 

In a series of 2400 eases of hypcrthyroidi.sm, 18.5 per cent Avere in men 
and 81.5 per cent AAmre in AA'omen. Of patients AA-ith auricular fibrilla- 
tion and liyperthyroidism the ratio aa’us 30 per cent males to 70 per cent 
females. This aa-ouIcI seem to corroborate Means and Richardson’s im- 
I)ression that men ai’e inclined to liaA-e a more seA*ere form of hyperthy- 
roidism than Avomen. 

The oldest patient in this entire series Avas aged seventy-tAvo and the 
.youngest Avas eighteen years of age. The average age of the men Avas 
forty-nine years, and of the Avoinen fift,y-one years. The average age 
for all patients Avith auricular fibi'illation Avith diffuse hyperplastic 
goiter Avas 47.7 years and for those AA'ith adenomatous goiter was fift.A* 
.A-ears. 
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AN-DKUf^ON: AKincniAK Knuuu..vn<)x AKH (iCIXtlMSK TUKUAI'V 

The palients will) aclenimuilons <r(>it<‘rs hiul been aware ol tlieir pres- 
ence for an averajrc of 14.5 years, while (50 per cent, of th<)s<‘ witli difliise 
hyperplasia were unaware of any Ihyroid enlarfieincni. The other 40 
per cent had known of a i?(»i(er for from three months to twenty years, 
and the avera^'e duration had been 2.8 year.s. The avera-re o.stimated 
duration of hyj)erthyr(hdisni in those j)ntient.s with ditlnse hyperplasia 
with anrienlar fibrillation was 2.5 years and in tho.se with adenonmttms 
goiter 2.3 years. 'I'liis i.s in contrast with eight months and twelve 
months respectively in those with normal rhythm. Atirienlar fibrilla- 
tion was present in sev(‘ral ])atient.s who ajipeared to have had hyper- 
thyroidism for only one month. 

Some form of focal infection was ])re.sent in 50 per cent of thos(; with 
auricular fibrillation, and in 32 per cent of those without fibrillation. 
Syphilis occurred in 1.7 jicr cent of the patients with fibrillation. 

Signs of congestive failure were pre.sent in only 3.2 pei- jamt of those 
with normal rhythm as compared witli 30 to (50 ]n‘r e('nt (difi’orent seri(‘s‘) 
of tho.se with auricular fibrillation. An eidarged heart as shown by 
roentgen ray was present in only (5 per emit of thos(‘ with iioianal rhythm 
and in each instance was assoeiat<’d with a diastolic blood pri'ssure of 100 
or more. On the other hand, in (50 per cent of th(»s(? with auricular fibrii- 
Jafion roentgenograms revealed enlarged hearts and fudy iS per ceid td' 
these liad a diastolic blood pre.ssure liigher than 300. There was a 
s.v.stoiie murmur at the apex of the heart in (50 i)er c(‘nt of those with 
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normal rliytljra and in 46 per cent of tJiose Avitli auricular fibrillation. 
There M-a.s an a.ssoeiatcd mitral stenosis in 3 per cent of these cases. 

The first series I reported included 75 surgical patients Avho had had 
a persi.steni auricular fibrillation; 60 per cent of the .series showed 
heart failure, and in 20 per coni this had progressed so far that general 
ana.sarea was present. In .spile of this complication, 97 per cent im- 
jn-oved enough for ligation or lobectomy to be attempted. In 60 per 
cent of this group ligations preceded thyroidectomy. The mortality in 
this series was 15 per cent, and only 32 per cent acquired a normal heart 
rhythm after operation. 

Quinidine Avas used in the treatment of three patients in this first 
series and Avas successful in Uvo. Of those Avho continued to liaA^e fibril- 
lation postoperatiA'cly, 55 per cent A\’ere A’ery comfortable and able to 
lead actiA’e Ha'os, and 45 per cent A\-ei-e forced to restrict their actiA'ities 
considerably, HoAvcA’cr, some of this restriction Avas necessary on ac- 
count of other factors, such as arthritis or arteriosclerosis. 

The aA’orage age for this first series A\-as fifty-one years. In none of 
the patients in this group Avas the fibrillation transient; in many of them 
it had been present for years. The maximum duration Avas tAventy 
years. This series does not, therefore, represent a true ])icture of auricu- 
lar fibrillation in general, but does .sIioav the seriousne.ss of long standing 
cases. 

A second series of scA'cnty-fiA'c patients subjected to operation on the 
thyroid included all Avho shoA\*ed a definite fibrillation. In Aa'c patients 
this AA'as transient, lasting from a fcAA- hours to a fcAA* days. Ten gaAm a 
history of paro.xysmal attacks oA-er a long period of time, and in si.xtj*, 
there had been continuous fibrillation. 

The aA’crage age of the patients in this series Avas forty-seven years, 
and the mortality after operation aa'US 4 per cent. All in this series AA'cre 
operated upon after preoperatiA'c iodine therapy became a routine 
procedure. 

Some degree of heart failure A\-as present in 55 per cent of these cases. 
This Avas slight in 20 per cent, moderate in 20 per cent, and adAmnced in 
15 per cent. Normal rhythm Avas established postoperatiA*ely in 60 per 
cent. Quinidine AA'as used in six cases but AA-as successful only in three. 

In a third series of 185 cases, 60 per cent of the patients shoAA'ed a 
normal rhythm folloAAung thyroidectomy. Sixteen patients in AAdiom 
fibrillation persisted AA'ore ghmn quinidine; of these, in ten a normal 
rhythm AA'as reestablished. Of the entire group, the total number of 
cases in which normal rhythm AAris regained AAms 66 per cent: 

Before 1929 quinidine had not been used until one AAmek after opera- 
tion as it had been felt that thei-e aa'ouM be more attendant danger. Also 
there AA’ere some patients aa'Iio did not dcA’cloi? a spontaneous normal 
rhjdhm until one to four AA'eeks after operation. HoAA’CA'er, by this time 
sufficient study had been made to establish the fact that not more than 
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60 per cent of patienis avorIcI acquire a normal rh.^nhm ayiHi 
tomy alone, and also that qninidinc used laic (two to tlirce weeks alter 
operation) Avonld only raise lids figure sliglitly. Tlio patients nsun > 
left llie liospital on the sixth or seventh day following thyroidectomy 
and Avcve seldom accessible for treatment afterward. Only approxi- 
mately 20 per cent ivere t.reatcd with quinidine on this basis. 

In 1930 prompt, qninidinc therapy was made routine treatment. That 
is, all patients still having auricular fibrillation on the third dip' nftei 
operation v’cre reported. They wore given a test dose of quinidine that 
eA'cning, and if no ill effects iverc encountered, they were started on the 
regular schedule the morning of the fourth day. This included o giains 
of quinidine sulphate every four hours, day and night for twenty-iour 
hours, every three hours for the next 1, went y-f our hours, and every two 
hours for the next forty-eight hours. The pulse was counted belorc 
each dose, and if it was regular no more of the drug was administered. 

It was found that only 45 per cent of the ]iatients had acquired a 
normal rhjdhm by the cud of the third postoperative day. According 
to the earlier i’e.sults, this means that 15 per cent of patients might, be 
expected to acquire a spontaneous rhythm if allowed to go on Avithout 
taking quinidine, but I knoAv of no Avay to determine Avhich jiationts 
would make this recovery. 

During 1930 there Avorc fifty-scA’cn patients Avith auricular fibrillation 
Avho had complete thyroidectomy. Twenty -six, 45.T per cent, dcve!o}.>od 
a normal heart rhythm Avithin tlirec oi* four days following tliyrfiiflec- 
tomy Avithout any qninidinc. Of the remaining tliirty-one patients, two 
died, making a. mortality in the scries of 3.5 ])er cent. ScA’en Avere un- 
intentionally not treated Avith quinidine and continued to have auricu- 
lar fibrillation. TweiAty-thrce received quinidine according to the 
schedule outlined previou.sly. TAventy-two of these, o}- 90 per coni, ac- 
quired a normal rhythm and one did not. This patient after her thij’d 
dose of quinidine became dy.spneic, llu.shed, nauseated, she. perspired 
and experienced fear of death. 'Whether this Avas a quinidine reaction 
or pulmonary embolus could not be. determined, but the pat ient refused 
further treatment and the fibrillation ]K'rsisted. 

During the study of this scries no attention Avas paid to the rate of the 
heart or to the extent of digitalization, and 1 have jiot observed lliat com- 
plete digitalization prior to quinidine tljerapy offered any advantage in 
treatment. So far as I know, no patient in this series has had roenr- 
rence of the anricnlar fibrillation Avhile under observation or ai'terward 
and in no instance has the lasc of qninidinc been continued after the 
establishment of normal rh.ythm. 

During 1931 there Avere thirty-four patients with anricnlar fibrillation 
Y^o had complete thyroidectomy. Seventeen of lliese, or 50 per cent 
developed a normal rhjihm Avithout taking any qninidinc 
. Qnnndine Avas used according to the regimen already outlined in 
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seventeen patients; the treatment was successful in fourteen, and un- 
successful in three. Thus, in the entire series, 91 per cent of the pa- 
tients had a normal heart rhjdhm at the time they left the hospital and 
three patients or 9 per cent still had auiucular fibrillation Avhen they 
Avere dismissed. There Avere no deaths in this series. One of these three 
patients did not have a full course as he Avished to get home as soon as 
possible, and the other tAvo patients had had recurrent hyperthju'oidism. 

The results of treatment AAuth quinidine AA^ere not quite so satisfactory 
in the 1931 series as in the 1930 series, but sIioav that one can expect 90 
per cent or more of all patients to acquire a normal rh^dhm if treated 
AAuth quinidine shortly after operation. The ideal time for instituting 
the administration of quinidine is from the third to the sixth postopera- 
tive day. If treatment is postponed later than this, the percentage of 
failures increases considerably. 

The question is frequently asked, “Will not these patients again de- 
velop auricular fibrillation under any stress?” I am sure the ansAver 
is “No.” I have only very occasional reports of a patient aaIio has de- 
veloped a subsequent auricular fibrillation that has not been due to a re- 
current hj’perthyroidism, and aauII refer to one patient aaIio illustrates 
very aa^cII hoAV stable the heart may be. This patient AA-as treated AA'ith 
quinidine and on the third daj^ she developed a normal rhythm. A feAV 
months later she Avas operated upon for the removal of a large fibroid, 
AA'^hieh AAms followed by general peritonitis AAdiich caused her death. For 
several days the temperature had Amried betAA'^een 103° and 105.5°, 
and the pulse rate ranged from 130 to 160, but at no time aa^s there any 
irregularity of the heart action. 

One patient developed a recurrent auricular fibrillation AAdiile taking 
thyroid extract. She was forty-six years of age, and sjmiptoms of hyper- 
thyroidism had been present for tAAU years before thyroidectomy. After 
operation she continued to be nerAmus, and had a basal metabolic rate 
of plus 23 per cent. She continued to haAm auricular fibrillation AA'hich 
digitalis did not completely control, though it did sIoav the ventiueular 
rate from 130 to 100, per minute. It cei'tainly appeared that this pa- 
tient had a residual hyperthyroidism, but there AA'as no thyroid tissue 
palpable. A course of Lugol’s solution aa^s given AA'hich did not affect 
the heart. She AA'as then given quinidine and acquired a normal heart 
rhythm. With that her nervousness and other symptoms disappeared 
and she returned to AA'ork. About a year later she had a dry skin, aa'BS 
rather droAvsy, and had other symptoms of hypothyroidism and aa'RS 
giA'en thyroid extract. During its administration she developed auricu- 
lar fibrillation which lasted about tAVO AA'eeks and stopped spontaneously. 

One patient who had only a lobectomy AA'as given quinidine on the 
fourth day after operation and aeqiured normal heart rhjdhra, but the 
next day auricular fibrillation reappeared. In m 3 ' experience Avith 
quinidine therapj' this case was analogous to those seen before the h 3 ’-per- 
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tliyroidisin liad been controlled by thyroidectomy. In cases Y'hcre in- 
sufficient thyroid tissue is removed the rliji-hm may become normal after 
operation but seldom lasts permanently. No routine attempt ha.s been 
made to pi’oduee a normal heart rhythm by Ihe use of qninidine be- 
fore operation, as this seldom ])ersi.sts, and Ihe jiresence ol. auricular 
fibrillation vilh good compensation seems to be no contraindication to 
operation. 

SUjMJIARV AND CONCLUSIONS 

The lu’esenee of auricular fibrillation in paiients ivith hypei’thyroidism 
seems to depend on tvo factors: fir.st, duration of symptoms, and sec- 
ond, the severity of the condition. 

The mortality in such cases has been reduced greatly by the rouline 
use of iodine before operation. 

Approximately 45 per cent of patients acquire a normal rhythm 
ivithin four days after thjToideefomy, and about 15 ])er cent more vould 
develop a normal rhythm if allowed to go unti’catcd. but there is no way 
of knowing which ones they would be. 

The remaining 40 per cent would continue to Imvc an abnormal 
rhjdhni indefinitely if not treated with qninidine. 

In order to obtain the optimum results with qninidine. it must be 
used from the third to the sixth day following thyi’oidectomy, and suc- 
cess can be anticipated in from 90 to 96 per cent of the cases. If treat- 
ment is delayed longer than this, the percentage of failures increases 
considerably. 
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STUDIES IN THYIIOID HEART DISEASE^ 

The Value: of Ehgotamine in IlYPEUTiiYnoiDiSjM and Its Effect 
ON THE Electrocardiogram 

Morris W. Lev, and AValter AY. Hamblirger, M.D. 

Chicago, III. 

'^HIS report is a clinical one and represents our experience and im- 

pression as to the use or value of ergotamine in hyperthyroidism, 
and the influence of crgotainine on the human electrocardiogram in 
these cases. Our interest in this drug was aroused b.y the relatively 
numerous reports of its use in hyperthyroidism abroad and because the 
drug was being increasingly reconunended to the American physician 
by its manufacturer for use in similar cases. Aecordinglj’', we were 
able to obtain a supply of the drug from the Sandoz Company for our 
studies. 

The use of ergot in hyperth 3 '-roidism is not a new thing. Nearly 
twent.y j^ears ago Porehheimer* reported that he had used a combina- 
tion of quinin and ergotin over a period of manA’’ years in Graves’ 
disease. Porchheimer observed improvement in the tach.vcardia, tremor, 
and decrease in size of the thyroid gland under this treatment. In 
addition to stating that he obtained a great percentage of complete 
recoveries, he also recommended the use of quinin-ergotin as a pre- 
operative measure to get the patients in condition for surgery. 

About 10 3 ’’ears ago, Stoll- isolated the principal alkaloid of ergot. 
This wms called ergotamine tartrate at the time but later came' to be 
kno\vn also as gjmergen. The tivo terms will be used here interchange- 
abljL After its isolation, ergotamine came to be extensive^ used in 
place of ergot, as the former lacked some of the drawbaclis of ergot 
itself. Toda.v ergotamine or gjmergen is supplied in tablets of 1 mg. 
each for oral administration and in ampules of % mg. each for h^^po- 
dermie and intravenous use. Because it is general!}- recognized that 
there is an associated increased activit}'- of the sjunpathetics in Basedow’s 
disease, the use of ergot and ergotamine, 'which is known to have, or is 
thought to have, a depressing action on the sjmipatheties, naturallj^ 
suggested itself as a means of relief. According]}^', we find that er- 
gotamine has been widelj^ used in some European countries for this 
purpose. In our countiy, apparentlj'', the drug has been relativelj'' 
little used in goiter cases, judging from the scarcity of reports in 
the literature. 

Among the earliest reports on the use of gynergeii in hyperthyroidism 
is that of Adlersberg and Poi-ges® published in 1924. Thej’^ report a 
series of 22 eases treated over a period of one and one-lialf j'-ears. Thej^ 

*From the Thyroid and Cardio-Vascular Groups, Michael Reese Ho^ital. 

Aided by tlie Frederick K. Babson Fund and the Emil and Fannie V\''edeles Fund 
of the Michael Reese Hospital for the Study of Diseases of the Heart and Circulation. 
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gave tlie drug subcutaneously 0.5 c.c. to 1 c.c. tAvice daily over a period 
of 1 to 3 iveelvs and then a Aveek’s period of. rest. These authors divide 
their case results into three groups. Group I, consisting of lo cases 
showing marked improvement siib.icetivcly and objectively, in tremor, 
tachycardia, exophthalmos, weight curve and basal metabolic rate. 
Group II, 4 cases Avilh moderate improvement, and 3 cases in Group 
III shoAving no appreciable improvement. Tbcir experience Avas that 
in the improved cases, recurrences look place 8 to 12 Aveeks after cr- 
gotamine Ai'as stopped, so that the medication had to be resumed Aidth 
the reappearance of symptoms. They concluded at the time that er- 
gotamiiie did not constitute a cure. In a latter folloAV-up report' of 13 
of these 22 patients, they report nearly complete cure of the cases. 

Marine® and his associates employed ergot amine to evaluate its effect 
on the heat production of normal and tliyroidectomizcd rabbits. They 
employed the drug in doses of Vi, and V 2 mg- subcutaneously, using 
0.9 per cent saline solution subcutaneously for control purposes. They 
report a striking fall in the heat production A\ithin one hour, the fall 
being proportional to the amount of ergotmnine used. After thyroidec- 
tomy, employing % mg- ergotamine in these rabbits, the heat production 
Avas again foiuid lowered but to a less extent, than in normal animals. 

Tollmans and Trimble,® avIio probably Imvc done more Avorlc Avitli 
ex'gotamine than anybody else in the country, used 0.25 mg. intravenous- 
ly in normal trained dogs to test the effect of ergotamine on the oxygen 
consumption. They found that only 2 dogs shoAved a slight decrease 
in the 0-j consumption in the first hourly period while nearly all the 
others shoAved a rise, greatest, usually in the first hour and dccreasijig 
to almost IcA'el limits at the end of the third hour. The giving of 
atropine (0.3 mg. or 0.4 mg.) before or after ergotamine injection did 
not influence the effect of gjmergen on the oxygen con.'jumption. 

Employing nine normal human subjects, Youmnns and Trimble" used 
0.5 mg. ergotamine subcutaneously to test the effect of the drug on the 
basal metabolism. They found a slight elcAuition of the basal metabolic 
rate in three subjects at the end of three hours, Avhilc the others shoAved 
a variable drop (maximum 9 per cent) at some time after the injcctiou 
but no greater Ami'iation than seen in control readings OAmi’ the same 
period of time. In another series of 3 patients (normals) they gave 
1 mg. ergotamine t.i.d. over a period of 8 days and found no chamm in 
the basal metabolic rates. “ 

The same workers® in determining the effect of ergotamine on the 
heart rate in normal dogs employed 0.25 to 0.5 mg. of the drim intra- 
venously They found this to cause a sudden and marked slondug of 

thh I^^I'^ction of 0 05 mg. atropine per Kg. entirely abolished 

this effect of ergotamine in slowing the heart. They concluded that 

its sloAving action by a sensitizing or 
stimulating action on the vagus mechanism. In do^ Avith vao-i'eut 

owever, the injection of ergotamine still caused a sloAving of the heaiff 
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but i-elativelj^ much Jess tJian in intact dogs. During tlie course of 
tliis particular experiment, electroeardiograpliic studies showed no 
elianges aside from slowing of the sinus rlijdhm. 

In 1928, Merke and Eisner® empJo.yed gynevgen to determine its effect 
on the human electroeardiogTam in Basedow’s disease. Using 1 c.c. 

Confrol 10 min. after inj. 20 win gffer inj. *30 mk after jnj. 

Raft 33 Icc. Ergofamine Rate 79 Rafe 73 
„ 0./6 

P'R 0.l(> Rate loo Complexes Compare P**'T 

Pj im'erfed P»>-T better def. same with control 



nr5 6K (b 57393) Non- toxic Adenoma of Thyroid 
,with Pressure Symptoms 


gjmergen intramuscularly in a series of eases and taking curves 10 and 
20 minutes after injection thej’" found the followdng: 

P-R interval prolonged. 

R-R interval prolonged. 

P-waA’^e decreased in height in neai’h' all instances. 

T-Avave decreased in majointy of cases. 

R-Avave decreased in majoritj' of cases. 

PERSONAL EXPERIENCES 

Our series consists of six patients, 5 females and 1 male I’anging in 
age from thii’ty-one to sixt3’'-four jmars. PiAm of these had thj'Totoxi- 
eosis of A’arious degree and severity. The sixth had a nontoxic adenoma 
Avith pressure symptoms. Pour of our group Avere giA^en ergotamine 
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orall.Y or li.ypoclermically over different periods of time and their gen- 
eral,* as well as their metabolic, response was noted. All six patients 
were given also 1 c.c. (0.5 mg.) of ergotamine subeutaneonsly and the 
changes in the electrocardiogram noted at approximately ten, twenty, 
and thirty-minute intervals after the injection. 


Control 
P-R 0.16 
Rate 83 


5 min. after inj 
Icc. Ergotamine 
Rate 76 


16 min. after inj. 

Rate 71 

Pz Pj Tz. &■ Tj 


31 min. after inJ. 
Rate 75 
Complexes 


T 3 increased better defined Same 

than control . 0./6 




Mrs. P. 5. (6 35433) Adenoma with Hyperthyroidism 


CASE REPORTS* 

Case 1. — Mrs. I^I. B. (B3G701), tliirt.v-fivc yc.nrs old; diagnosis c.xojilitlialniic 
goiter. 

Metabolic Studies 

licmarlcs 

No medication. First Reading. 

No medication. 

After receiving gynergen c.c. “H” B.I.D. 
since 4/17/31. 

Gynergen % c.c. B.I.D. phis gynergen tab. 
q.i.d. since 4/22/31. 

Gynergen % c.c. B.I.D. plus gynergen tab. 

q.i.d. since 4/22/31. 

On Lugol’s m. xt.i.d. since 0/1/31. 


Bate 

B. M. B. 

Pulse 

4/14/31 

+39. 

so SO 

4/17/31 

+34.1 

80 

4/22/31 

+28.7 

80 

4/29/31 

+19.1 

84 

5/ 1/31 

+13.6 

84 

5/ G/31 
5/12/31 

Thyroidectomy 
+21.5 88 


‘Details of four of the 


six cases studied are given here. 
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Case 2.— Mrs. P. S. (35433), married, aged forty-six years; diagnosis exopUlial- 
mic goiter; diabetes mellitus. 


Date 

D. M. E. 

Pulse 

Eemarlcs 

3/ 9/31 

+43.2 

78 

No medication. First reading. 

3/10/31 

+26.2 

72 

No medication. 

3/12/31 

+25.6 

76 

Insulin therapj' started. 

3/18/31 

+31.4 

72 

No medication except insulin. 

3/23/31 

+24.9 

74 

No medication except insulin. 

3/25/31 

+33.9 

72 

No medication e.xeept insulin. 

3/28/31 

+34.8 

82 

No medication except insulin. 

4/ 7/31 

+28.4 

72 

Lugol ’s m. X t.i.d. and ergotaniine c.c. 

B.I.D. started 4/2/31. 

4/13/31 

4/16/31 

+15.9 

68 

On LugoPs and ergotaniine since 4/2/31. 
Subtotal thj'roidectomy. 

4/22/31 

+ 2.5 

08 

One week after thyroidectomy. 

Case 3.- 

— IMrs. A. C. 

(B35004), married, aged forty-five years; diagnosis ade- 

nomatous goiter with hyperthyroidism; mitral insufficiency; diabetes mellitus. 

Date 

B. M. E. 

Pulse 

Eemarlcs 

3/12/31 

+62.7 

100 

No medication, first reading, not satisfactory. 

3/16/31 

+43.1 

88 

No medication. 

3/1S/31 

+39.8 

84 

No medication. 

3/23/31 

+51. 

70 

No medication. 

3/25/31 

+48.8 

72 

No medication. 

3/28/31 

+52.5 

68 

No medication. 

4/ 7/31 

-146.9 

80 

On ergotaniine Ye c.e. B.I.D. smee i/3/31. 

4/13/31 

+55.7 

78 

On ergotamine Yj c.c. B.I.D. since 4/3/31 and 
continued to 4/16/31 ine. 

4/17/31 

+40.9 

92 

On Lugol 's 111 . X t.i.d. and Tab. ergotamine t.i.d. 
since 4/14/31. 

4/22/31 

+32.5 

84 

On LugoPs m. x t.i.d. (Gjuiergen tablet stopped 
4/20/31.) 

4/27/31 

+45.9 

100 

On LugoPs m. x t.i.d. 

5/ 5/31 

+50.3 

88 

On LugoPs m. X t.i.d. 

5/ 8/31 

+ 9.3 

80 

On Lugol ’s m. x t.i.d. 

5/11/31 

5/13/31 

5/19/31 

+10.1 

+18.7 

SO 

On LugoPs m.x t.i.d. 

Thj'roidectoni.v. 

Case 4.- 

-Mrs. L. L. 

(B30257) 

, uddow, sixtj'-four j'eai's old; diagnosis recurrent 

th 3 'rotoxicosis ; bleeding 

duodenal 

ulcer; generalized arteriosclerosis; arteriosclerotic 

heart; cardiac hj^pertrophy; mitral insufficiency. 

Date 

B. M. E. 

Pulse 

EemarJes 

4/ 6/31 

+30.8 

96 

No medication. 

4/13/31 

+40.6 

84 

No medication. 

4/ 2/31 

+30.7 

72 

Patient received 4 injections of Y> c.c. ergot-^ 
amine between April 17 and 19. Drug dis- 


continued ivhen patient complained of mark- 
ed palpitation, nervousness and severe ab- 
dominal pains and cramps. 


5/ 2/31 

+36.7 

80 

On Blaud's mass. 

5/12/31 

+30.2 

76 

On LugoPs m. X t.i.d. p.c. from May 3 to 7 




when further LugoPs was refused by the 




patient. 


We wisli to state liere that we realize that the number of our ease de- 
terminations are relatively few owing to conditions at the time beyond 
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om- control. During the course of administ ration of orgolannnc nil hut 
one ease witli a complicating recurrent bleeding duodenal \ik , . « 
thev were improved. This improvement, consisted of lessened nervous- 
ness and irritabilit.y, decreased palpitation, decreased tachyeardia, and . 
feeling of increased strength. It inu.st of course be realized la m-' 
patients we all at complete bed rest during this time and due account 
of this factor must be taken into eon.sideration in evaluation of tins ding 
as well as any other under similar conditions. However, we feel that, too 
much stress or value should not. be, i>laced on the bed resting phase as 
being in a large medical ward among the sick, ailing and complaining 
patients cannot be .said to be very conducive to the imjirovement or re- 
covery of a thyrotoxic patient. No ergot poisoning was experienced in 
our series. 

Incidentally during this time we employed ergotnmine in a ease of 
paroxysmal tachyeardia of nonthyroid origin, which 1 ailed to respond to 
the usual measures for relief, and Avhich was controlled by the sub- 
cutaneous infection of the drug. In another ease, of tachycardia in an 
old rheumatic heart, the heart rale wa.s not slowed after the oral ad- 
ministration of gjmergen — one tablet o times daily over a jieriod of d to 
4 weeks. In still another ease of tachycardia of unknown source and 
without any other cardiac involvement and without evidence of hyper- 
thyroidism, slowing of the heart rate was not obtained after .several 
weeks of the drng by month. This is rather interesting in view of the 
slowing of the heart rate in goiter cases. 

The electrocardiographic respon.ses to ergotaminc arc more interesting 
and definite. After a control electrocardiogram, pulse rate, and blood 
pressure determinations, .serial electrocardiograms were laken at ap- 
proximately 30, 20 and 30 minute intervals following the .suheutaucou.s 
mjeetion of 1 c.c. gynergen. In addition, pulse rate ami blooil pre.ssure 
readings were made every few minutes during this half hour period of 
observation. Likewise any new .snb.ieetive .syjnpt<»ms which tlie ]mtien1 
experienced during this jjcriod Avere recorded. Tlie elect rocardiograpiiie. 
changes occur rather promjAtly and eonsi.st. chiefly of a slowing of the 
heait I'ate, increased amplitude of the T-Avave in mo.st iu.staiiees and 
paiticularly in Lead ITT, and the abolishing of the peri]>heral tremors 
present in some cases in the control elect roeardiogi-am. 'flio P-wave was 
increased in three eases, and decreased in two. In one ease of thvro- 
toxicosis and auricular fibrillation, the electrocardiogram .showed no 
ehaiiges in the complexes after the administration of ergotaminc suh- 
cutaneonsly. The P-R interval wa.s increased in two eases, and un- 
changed in the others. 

The cause or causes for the P- and T-wa,vc changes in this scries ofi'er 
an interesting field for speculation. The increase in the T-wave aPer 

ft of a an.g supposedly bepcr,ei..l i„ I.vpcrl < ism is 

fuv licr very mtemting i.. view of II, e .-eport of a deeviase , 1 , 0 -'?,. 
under rodipe medieotiop o„a tl„n-oideelo,„y .ss reporlod ,„.cvirs v 
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by ourselves."’ It i.s to bo noted here jilso. tliat tlie greatest .>>. 

eur in tlie tliird lead, vhieb lead has always been eonsideivd a-; tlir 
most sensitive and labile of the tliree leads. 

SUMMARY AND CONf'EUSIONS 

1 . Four patients with hyperthyroidism, were {riven er{r()taiiiine (iially 
or hypodermically, (bie ea.se showed an inerea.sed basal metabolic rate 
after 10 days; one showed a decrease in H days, one a decrease ii\ 2 days, 
and the fourth case in which Lugol’s bad bcoji combined with er{rotamine 
a decrease in 11 days. 

2. As a result of our e.vperienco mt* conclude that er{rotamiuo. in flic 
dosage and mode of administration employed is not as effective as Tai'rotV 
solution in i'educin{r the ba.sal metabolic rate. Neither do we feel that 
the dru{r can be called a “cure*’ for thyroto.xieosis. It does contribute 
to the subjective improvement of the patient but no more than does the 
use of Lutrol’s solution. 

3. The tachycardia of hyperthyroidism is {rcnerally favorably intln- 
enced by er'rotamine. The .same dru{r Avhen used in two eases of tachy- 
cardia nf)t of thyi'oid ori<rin. failed to produce a slowin{r of the heart rate. 

4. .Subcutaneous injection of er'rotamine in the majority of instances 
causes a fairly prom])t ehau're in the elect roeardioyram. consisting 
chiefly of a sIowin{r of file heart rate and an increase in hei'rht of the 
T-wave. In two of the si.\ patients it produced a proloii'ration of the 
P-R interval. It likewise causes in most cases of liyperthyroifiism an in- 
crease in the .systolic and diastolic blood ])ressure. persist in{r at least 
one-half hour after its administration. 
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Society Transactions 


AMERICAN HEART ASSOCIATION, 1932 

'T'HE eiglitli annual scientific session of tfic Amevican Heart 
1 tion ^vas held at the Roosevelt. Hotel, Nen- Orleans, La., on Itlay 10, 
1932, with Dr. Harold E. B. Pardee a.s the pre.siding officer. 

Dr. PAKT)EE.—Toaay’s prescjitation rci>r(‘senfs tlio s;ccoml attempt on tlie part, of 
the Committee for tlm Coordination of Investigation* to provide a compreheamvc 
studv of various phases of cardiovascular disease. By way of introduction o ns 
symposium, it seems proper to point out the oli.iectives which the Committee had in 
mind when selecting the suliject. It was hoped to present a fairly eomplctc ])iet«re 
of the cardiac disturbances, both pby.siological and patbologienl. wbicb result from 
an abnonnal functioning of the thyroid gland. It was hoped also to focus attention 
upon those points which were in dispute and especially upon tliose which .seemed mo.st 
ready for solution. 

In the past, studies of the pathological features of the hearts of those with thyroid 
disease have frequently been unsatisfactory because of the dinieully in deciding what 
was due to the direct influence of the gland and what to a complicating factor. First, 
the coincident presence of artorioselcrosis of the coronary arteries has been a great 
source of confusion, and it seems that changes duo to this liave often been wrongly 
considered as an effect of thyroid dlsea.se. Second, auricular fibrillation, froin it.s 
tendency to produce a rapid heart rate, can give rise to cardiac insufficiency and this 
in its turn to cardiac onlargoment of myocardial fil)rosi.s or possibly other changes. 
Obviously if such ahiiornialities result from heart failure, they cannot properly he 
considered ns an effect of thyroid dysfnnction upon the heart. It has been suggested 
that the prolonged cardiac overactivity which i.s known to result from hyi'orthyroidism 
might give rise to premature coronary arterio.selerosis, and it was lioped that we 
might be able to reach a decision as to wbetber or not .such premature sclerosis 
occurs. 

There has been no doubt hut that thyroid di.stiirh.-niccs lead to di.sturhances of 
cardiac function. The rate and rhythm of the heart and the blood pre.s.siire arc evi- 
dently affected, hut it is not yet definitely esl.ahlished whether the eardiue functionnl 
capacity is diminished by the uncomplicated influence of thyroid dysfunction. Auric- 
ular fibrillation, if permanent and associated with a rapid ventricular rate, is quite 
capable of causing serious cardiac iiisumciency. The artorioscleTotic changes in the 
coronary arteries whieli appear normally after the fourth decade can also give rise to 
cardiac insufficiency. It is difficult in a patient who has either of these complicating 
conditions clearly to discern tlic influence of thyroid dysfunction upon the heart. AVc 
must try to separate tlie influence of the thyroid from wlvichcver of those complica- 
tions may ho present, or bettor yet to select for study cases from which both can bo 
excluded. 

On the experimental side there is much to be learned about the effects upon the 
heart s function and structure produced by the administration of thvroxin and of 
t hyroffi g and. The heart after thyroidectomy has been little studied, eifl.cr as to 
functional or structural changes. Finally the question of the influence of a simp e 

Edward a'' Wmiani ,T. Kerr, 

Wilson. Harold E. B. Bardet; Chaffmin ^ ’• ’'''’'‘to. Frank N.’ 
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pathological changes in the heart such as have been associated with under- or over- 
activity of the thyroid, or does it not? Each one of the contributors to this 
symposium has attempted to answer one or more of those questions and to uwesti- 
gate such other phases of the subject as have seemed important to them. From my 
preliminary correspondence with the authors who will address you today, I feel quite 
certain that by the end of this program they will have presented us with a much 
clearer picture of thyroid heart disease than exists at present. 

The papers couqn-ising the program of the meeting are published in this issue. 

PEOGRAjM 

The Mechanism of Adjustment of the Circulation in Hyperthyroidism (Thyro- 
toxicosis). ■\Vnllaec M. Yater, AI.D., ‘Washington, 15. C. (Sec p. 1.) 

Cardiac Histopathology in Thyroid Disease. Carl Weller, M.D., I?. C. "Wan- 
strom, Ar.D., Harold Gordon, M.D., and .T. C. Bughcr, IH.D., Ann Arbor, Mich. 
(See p. S.) 

A Study of the Heart in Hyperthyroidism. GcolTrcy Ralvc, SI.B., and Donald 3Ic- 
Eachern, 3^1. D., Baltimore, i\Id. (See j). 10.) 

The Signs and Symptoms of Heart Changes in Toxic Goiter. A Clinical Study of 
148 Cases. Clough Turrill Burnett, IM.D., and Edgar Durbin, !M.D., Denver, 
Colo. (See p. 20.) 

Cardiovascular Symptomatology in Exophthalmic Goiter. Jacob Lerman, M.D., 
and J. H. Alcans, Al.D., Boston, Alass. (See p. .^5.) 

The Heart in Hyperthyroidism. E. Cowles Andrus, jM.D., Baltimore, Md. (See 
p. (50.) 

Cardiac Status After Prolonged Thyrotoxicosis. J. Marion Bead, M.D., San Fran- 
cisco, Cal. (Sec p. 84.) 

Myxedema Heart. George Fahr, JLD., Minneapolis, Alinn. (See p. 91.) 
Congestive Heart Failure and Hypertrophy in Hyperthyroidism: A Clinical and 
Pathological Study of 178 Fatal Cases. E. J. Kepler, M.D., and A. E. 
Barnes, iM.D., Eochester, IMinn. (Sec p. 102.) 

Studies in Thyroid Heart Disease, Angina Pectoris and Hyperthyroidism. Morris 
W. Lev, M.D., and Walter W. Hamburger, Al.D., Chicago, 111. (See p. 109.) 
Experimental Observations 'Cpon Hearts of Thyroxinized Animals. E, Cowles 
Andrus, AI.D., and Donald JIcEachcrn, ]M.D., Baltimore, Md. 

The Influence of Thyroid Extract and Hyperthyroidism on the Electrocardiogram, 
With Special Reference to the T-Waves. .Johnson McGuire, M.D., and Margaret 
Foulger, M.D., Cincinnati, Ohio. (Sec p. 114.) 

Cardiac Dilatation in Toxic Goiter: A Study of the Changes in the Size and Shape 
of the Heart Before and After Treatment. O. J. IMeuard, IM.D., and Lewis M. 
Hurxthal, M.D., Boston, Mas.s. 


ABSTRACT 

Teleroentgenograms Avere made in one hundred and fifteen cases of toxic goiter, 
before, during, and after treatment. Comparisons of the films Avei'e made by suijei- 
imposing one plate upon another. Changes in the chest, diaphragm, and so forth 
were given due consideration in deciding upon changes in heart size. Slarked reduc- 
tion in the size of the heart shadoAV rvas found after treatment, particularly in cases 
with auricular fibrillation and congestive failure. Relief of congestive failure alone 
caused a reduction in the size of the shadoAV, while a change from auricular fibrilla- 
tion to normal rhythm produced a reduction in size in some cases. 
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The heart shadow’ bcca^ec smaller after operation in a few eases ' 

rh^to ri\vithout evidence of congestive failure. In about iiO per cent of tl se 
5t normal rhythm and with evidence of conge.stive failnro, there was a smaller 
rindow after relief of hyperthyroidism. Larger heart shadows after treatment we.e 
seen in a few cases and these were usually associated with coincident heart disease, 

excessive gain in weight, or occasionally unknown causes. „ 

The shape of the heart was studied, and a ])ronnncncc of the pulmonari artorj 
was noted more particularly in toxic goiter cases than in nontoxic goiter cases. 
Sliglit to moderate degrees of vontrieular hypertrophy were found particnlarlj in 
cases of long duration, but gross earcliac cnlurgcmcnl was usually associated with 
coincident cardiovascular disease. 


Auricular ribrillatiou in Graves' Disease. Paul S. Barker, IthD.; Aiinc L. Bohn- 
ing, M.D.; and Frank N. Wilson, M.B.; Ann Arbor, Mich. (Sec p. 121.) 

The Incidence of Auricular Fibrillation and Results of Quinidinc Therapy. John 
P. Anderson, ALD., Cleveland, Ohio. (Sec p. 12S.) 

The Value of Ergotamine in Hypcrthsrroidism and Its Effect on the Electrocardio- 
gram. iilorris W. Lev, Af.D., and Walter W. Hamburger, Af.D., Chicago, HI. 
(Sec p. 134.) 


BEAD BY TITLE 


The Heart in Hyperthyroidism: An Experimental Study. Frank B. Menno, 

Bogor H. Ivcanc, A.B.; Bobert T. Henry, A.B.; and Noble W. Joric.s, !M,D., 
Portland, Ore. (Sec p. T5.) 

A Clinical Study of Goiter in the Pacific Northwest, With Special Reference to the 
State of the Heart. Noble W. .Tonc.s, M.D., Bean B. Scubrook, M.D., nud Frank 
B. MonnOf M.D., Portland, Ore. (See p. 41.) 

The Heart Bate During Sleep in Graves’ Disease and in Neurogenic Sinus Tacliy- 
cardla. Ernst P. Boas, Sl.D., New York, N. Y. (Sec p. 24.) 

The Heart in Thyroid Disease; Eloctrocardlograplilc and Orthodiagraphic Studies 
Before and After Thyroidectomy. Edward Bose, :M.D.; Alexander ^fargolios, 
M.D.; and Francis C. Wood, JI.D., Pliil.adelpirm, P.a. 

(A preliminary report of this paper was read by title at the New Orleans meeting. 
The final report will be published later.) 


DISCUSSION 

Discussion of paper of Dr. Wallace M. Ynter. (See p. 1.) 

Dr. John J. Samp/ton, San Pranci.sco, Calif.— There is additional evidence on this 
subject which was presented by J. K. Lewis and W. Dock, published in the .Tnurnal 
of Physiology, April issue of this year. Tlioir work was designed to show the direct 
influence of thyroxin on the nictaholism of heart muscle. Thev used a rat heart-lung 
preparation to determine the metabolism of the heart mu.selo in a normal animal and 
m an annual tliyroxinised. They found that the direct measurement of the metal, o- 
hsm of the heart mnsclo was no greater than would be expected from the increased 
rate. The action of the thyroxin, they .stated, is to increase the heart rate, and no 

per bel''' greater than expected per gram 
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Dr. John J. Sampnon, San Francisco, Calif.— Did tlie studies carried out at autopsy 
reveal anytliing peculiar in otiicr organs than the heart, especially pancreas kidnov 
or skeletal muscles? ' ’ 

Dr. ll'aUacc Talrr, 'Washington, D, C. — A similar change is seen in rabbit 
hearts. Dabhits ■which have been injected with thyro.vin are more susceptible to in- 
fection and also shoiv unusual lesions after chloroform poi.soning. They very readily 
develop focal necrosis throughout the heart and other lesions, which indicates that the 
myocardium in hyperthyroidism is less able than normally to cope with infection and 
poisons. 

Dr. J. C. Bnphrr, Ann Arbor, Mich. — ^AVith regard to the s])ecial clinical features, 
the majority of these cases died primarily of pneumonia and other infections. In 
the e.vophthnlniic goiter .scrie.s, about the same number. Two-thirds of the cases 
of the combined cxoidithalmic goiter and adenomatous goiter series died with an at- 
tendant purulent infection of some kind, such as pneumonia or appendicitis, A num- 
ber of them had tuberculosis. In general, a very complc.v and very far-reaching pic- 
ture was presented from the standpoint of the full pathology of the cases. 

Several of the deaths were ascribed to myocardial failure. Since the series goes 
back as far as ISflO, it is possible that if these were diagnosed in the light of pres- 
ent knowledge, there might be changes in that opinion. 

Of the seven cases showing cellular infiltrations in the myocardium, four had had 
auricular fibrillation and died of myocardial failure; another one of the earlier eases 
died of “acute cardiac dilatation”; ti sixth died of cardiac failure in a thyroid 
crisis; the last case was one of lymphatic leucemia with the e.\'ophthahnic goiter sec- 
ondary in importance. Tlie four ensos in which the cellular in/iltrations were ehiofly 
epicardial included two with auricular fibrillation, one of which died of myocardial 
failure. 

With regard to the involvement of other organs in these eases, the chief organ in- 
volvement in the c.xophthalmic goiter scries was the liver. Dr. Weller has reported 
the rather high incidence of what appears to be a nonspecific hepatitis in which 
there is lieai’y round-cell infiltration associated with some fibroblastic proliferation. 

The other organs do not appear to show such distinctive infianimatory infiltra- 
tions, but there is very constantly in these cxojihthabnic goiter eases and in most of 
the adenomatous goiter individuals n hypojilastic cardiovascular state, associated 
with a hyperplastic lymphoid tissue. 

The comment on the work on rabbits was very instructive. Goodpasture and a 
number of other workers have also called attention to this as a possible interpreta- 
tion of such lesions occurring in the myocardium of human beings. We are not at 
all opposed to any such theory, although it does not necessarily follow from our in- 
vestigative work. However, it is a reasonable interpretation of the association of 
these myocardial lesions with exophthalmic goiter. 

Discussion of papers of Drs. Clough T. Burnett and Edgar Durbin (see p. 29); 
of Drs. .Tacob Lerman and J. S. Afeans (see p. 55); and of Dr. E. Cowles Andrus 
(see p. OG). 

Dr. George Ecrrmann, Galveston, Te.v. — The point that Dr. Andrus made with re- 
lation to previous heart damage as a factor determining thj-roid heart disease seems 
to be of some significance. Dr. J. A. Alvarez, who is studying the general lieait 
condition at the Charity Hospital from 1920 to 1931, found himself in agreement 
with Dr. E. H. Schwab, who is studying the same question in Galveston. Both ob- 
served a considerable frequency and an early onset of heart complications in the 
thyrotoxic negro. In the study in Galveston it is strildng that with a similar tj-pe of 
disorder the negroes have heart failure much earlier in life than do the whites. This 
observation is in line with some of Dr. Schwab’s earlier studies which showed that 
the colored patient with hypertension developed heart failure earlier than did the 
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earlier 


,vl,xte. Hr. Selnvab l>as suggcBted that the reason fox- the x.egx-o 
failure is the poor cardiovascular soil upon which the goiter reacts. He hclieres t . 
the poor cardiovascular soil is a product of the 

has been forced to change his mode and cspecally his tempo of g. ' ^ 
has gone back to the origin of the American negro and has found that tc J 
to cm-diovascular disease is not so great. At any rate in many of the negroes the 

ace of thyroid heart disease is much under forty, 

I wish' to take issue with the statement of Hr. Herman ns to the possibility of car- 
rying on witli active exophthalmic goiter for many years wiUiont any cardiac mani- 
festations. In my experience it is a distinct rarity for a patient with marked iiyper- 
tbyroidism to liavc it for ton or twenty years without developing some orgamc myo- 
cardial disturbance. I still believe that the cardiac part of the exonlithabnic goiter 
is a most important one and that the patient who has a perfectly normal myocardium 
before and after is quite an exception. Wo should have a statement as to the cause 
of death in the patients here considered to show the. relative imjiorlanee of cardiac 
failure in contrast to the other causes of death in these patients. 

7>r. B. J. Kepler, Rochester, klinn . — I would like to ask Hr. Andrus if there were 
any patients in his series with coiigostivc failure without persistent auricular 
fibrillation. 

Dr. Louis F. Bishop, Jr., New York, N. Y.~I should like to call attention to the 
mimbov of patients in whom Hr. Burnett found dir.r.iuess as a symptom. It is well 
known that a very rapid heart or a very slow heart may affoet the blood snjijily to 
the brain with resultant disziiicss, amounting in some cases to syncojic. J was par- 
ticularly interested to note that he found this .sym])tom without any evidence of as- 
sociated arteriosclerosis. 

Dr, Wolhcc ill. Yolcr, Washington, H, C. — This work is e.\-cocdiiigly interesting to 
me inasmuch as I have heeii doing the same kind of work independently of Hr. 
Andrus' group. lie has worked in Baltimore and I liave been working in AVashing- 
ton, only forty miles apart, and licit licr of us, apparently, was for a long time aware 
of the other’s work. Our results have been practically identical in the main. The 
prohlciiis are multiple and difficult of .solution. Of course, in the first place no one 
knows exactly what liyperthyroidism is. Ko one knows comidctely even what the 
function of the thyroid gland is. Wliy we should need a gland in the body to step 
our metabolism up 40 per cent is a mystery. AVhcii something happens to make the 
amount of thyroxin greater or less in tlic tis.sncs, all tissiie.s are afrected in the .sniiio 
relative degree. The heart naturally is alTcetcd the same ns other ti.ssncs of the body. 

Tliooiotically what would he the o/Tcct of the increased rate of metiiholism in the 
parenchyma of the only pulsating organ of the bodyf As I see it, there would he 
two main effects. First, there should he an increased irritability, which moans taehy- 
cardia. The degree of taeliycai-dia would depend mainly upon tlie amount of thy- 
roxin in Bie myocardium, hut would also depend to some c.ytciil upon the type of in- 
dividual in wl.om the liyperthyroidism existed, whether syinpatheticotonic or vagoton- 
ic, since there still exists a certain amount of nerve control. The other elTcct on the 
pulsating organ would be an increase in tone, with a corresponding increase in the 
force of the heartbeat. If the heart to begin with were hypotonic, there would he 
more increase in tone than in rate, a well known physiological principle. In either 
case, howevm-, the resultant of those two main cfTeets would li. a c nsider t, e m 
cvease in minute volume output of the heart. Inasmuch as there is 1 .^ 1 ^^^ 

r 

heart does more work than it normally should heenusc it'is"’n " 

this condition lacks physiological control ‘ I'ulsatmg organ and in 


physiological control. 

In regard to the work of Hr. MeEael.ern with reference 


to tiie oxygen eonsuinp- 
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tion of strips of auricular muscle one should not place too much emphasis upon the 
results of this type of experiment, because such strips are doing practically no work 

In reference to the failure of the heart in hyperthyroidism, there are undoubtedly 
two main factors which act to bring about the failure. The first is age, with its 
natural diminution of cardiac reserve, and the second is general malnutrition, which 
naturally' reduces the ability of any organ to carry on its work. 

Hr. Harold E. B. Pardee, New York, N. Y. — I noticed there were some e.\-peri- 
ments which included observations of the effect of thyroid itself and also of thy- 
roxin. I -wonder if you have found any significant difference in the action of these 
two substances. 

Hr. E. Cowles Andnis, Baltimore, Md. — All these animals received thyroxin or 
thyroid extract by mouth over relatively long periods of time, from ten days to two 
w'eeks. It is much easier to demonstrate the effect of thyroxin in this way than with 
the single large dose. It appears certain that thyroxin exerts no immediate effect iu 
vitro. We were unable, in any experiments, to induce any significant reaction in iso- 
lated hearts by the addition of thyroxin directly to the perfusion fluid or to the batli 
in which the auricles were immersed. It is apparently' true that noticeable reaction 
takes place only after a period of from twenty'-four to thirty-six hours. After that 
the characteristic results appear and tend to persist for ten days to tw'O weeks, unless 
the dose is repeated. 

No quantitative differences were observed betw'een the action of thy'roxin and of 
thyroid gland substance. 

Hr. Clough T. Burnett, Denver, Colo . — A question -was asked as to the incidence 
of congestive heart failure and established auricular fibrillation. We found conges- 
tive heart failure in four eases in which there was no demonstrated fibrillation at any 
time. Negroes did not play a part in our series. I think there -were only' three in 
the entire group. I think perhaps the greatest trouble we had w'as in the determina- 
tion of the duration of sy'inptoms. How long have these patients had this trouble 
before they came in? How long has there been an effect on the heart? This is some- 
thing which is sometimes very' difficult to obtain in study'uig a record after six or 
seven years and with no contact 'U'ith the patient. 

Hr. Jacoib Lerman, Boston, Mass. — As mentioned before, male patients complain 
very' little. That, to us, is a prominent feature of the disease. These male patients 
may have had the disease for many years but do not come to the clinic until someone 
calls their attention to it. 

Two y'ears ago it was pointed out by Vanden Berg before the American Associa- 
tion for the Study of Goiter that patients often date the onset of their disease a year 
or less back, but that on questioning them after they' are cured one finds their symp- 
toms may' actually' date back ten or more y'ears. Consequently the duration of the 
disease is difficult to determine. 

Hr. E. Cowles Andrus, Baltimore, Md. — To answer the question, concerning the in- 
cidence of fibrillation in connection with congestive failure, we had twenty cases in 
which there was normal rhy'thm and congestive failure, but many of those had 
paroxysms of fibrillation lasting from two to, in one case, sixteen hours. The dura- 
tion of sy’mptoms, 1 should agree, is very, very difficult to determine. I am prepared 
to believe that in the series we have reported it was greater, in the majority of in- 
stances, than was recorded. 

Discussion of paper of Dr. George Fahr. (See p. .'ll.) 

Hr. Jacol) Lerman, Boston, Mass. — A week ago Dr. Means and I reported on a 
series of thirty patients with my-xedema seen in Boston who had roentgen ray 
measurements of the heart taken before and after treatment. Our results are as fol- 
lows: In fourteen cases the transverse diameter of the heart- shrank 2 to 7 cm., and 
in six more it shrank 1 to 2 cm. The shrinkage of the heart was proportional to the 
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frank congestive failure. . i i',,. 

Br. J. Marion Bead, San Francisco, Calif.— I sl.ould like to ask Di. la u i± 
considers some other factor is operative to produce congestive failure m these p. - 
tients rvith myxedema. I believe I can speak for most of those present that fre- 
quently see myxedema patients even M'ith metabolic rates as low as minus 30 nho 
do not show evidence of myocardial dceompeiisation. I have not yet seen a patient 
who fits Dr. Pahr's description of the “myxedema heart,” although I have been 
looking for one ever since the publication of his first paper on this subject. I do 
not doubt that such a clinical picture exists, but I wonder if there isn’t some com- 
plicating factor operating hi these patients to produce the cardiac failure. 

Br. Bavid W. Carter, Jr., Dallas, Tex.— I am surprised to hear Dr. Palir say that 
there was onlj' one patient in his series who developed anginal pain following ticat- 
ment with thj-roid substance. Our experience has been that it occurs more fr«iucntly 
than this in our scries of patients of about the same age. 

Br. Bayard llolmcs, Cliicago, 111. — Tlie same condition prevails in beriberi. Wo 
see severe cases of beriberi with marked enlargement and dilatation of the heart, and 
as soon as they are put on a proper diet the size of the lieart decreases just as with 
thyroid in these myxedema cases. 

Br. William B. Beid, Boston, Mass. — ^Did the abnormal electrocardiograms and 
roentgen findings always occur together, or sometimes was there a disagreement? 

Br. George Eerrmann, Galveston, Tex. — I should like to ask Dr. Pahr what the 
relative hemoglobin concentration or the red blood cell counts showed in these hj'po- 
thyroid cases that had the most extreme type of cardiac dilatation and edema and 
also what the blood serum protein levels were during tlio edema and after its 
disappearance. 

Br. Clough T. Burnett, Denver, Colo. — In the case of the anginal pain, did that 
pain appear before the reduction in the size of the heart? 

Br. E. J. Kepler, Rochester, Minn. — I would like to ask Dr. Pahr if an increase in 
the protein of the diet produced any change in the condition of the patients. 

Br. A. G. Sullivan, Hot Springs, Ark. — Did Dr, Pahr note the presence of arrhyth- 
mia in any of his eases; also does he believe that the increase in diameter of the 
cardiac shadow is due wholly to dilatation or m.ay it not be due in part at least to 

a loss of cardiac muscle tone, causing the heart to assume a more transverse position 
on the diaphragm? 

Dr. John P. Anderson, Cleveland, O.-One woman had a myxedema apparently 
dating back for 50 years and although she was taking thyroid extract regularly, her 
metabolism was still 33 per cent below normal. She had a marked secondary anemia 
and angina pectoris, but her heart border by x-ray was normal. 

myxeienJa!'''^^" J'.vpertrophy depends on the degree of 

Dr. Earold P. B. Pardee, New York, N. Y.— I should like to have you brinir out 



statistics on the transven 
mine. I think 65 per cent of 


1 . , myxedema just about anrec with 
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fH-r. It WL- go hrii'k tu tha jiliv,i'n»k.;;y of heart rnudfrfe, to tiic u'ofk of Olio Frank 
done about ISUo aiul to tJiat of i^tarSiijj' of liU'i, v.e Mt-e that th*.’ oork per- 

I’oruictl hy the lioart in a. funetiou of tiie K'lijjtfi of tht; heart niu.-eh. liUTi. I«. other 
vvoni;?, if you yive a vi-ntrit*!v an tner«‘a.-sf(} aruouiit of work to do, it can do it oniv 
%’.hi;ri it djiatci or when the niit'rcle tihers Iwijithi-n, And a.-t a. eoroliary to thi.y, '.rnorj 
you make the heiirt muside iiyjoxiymjinir, in order for the i/ypodi imruie iieart tu |.i-r- 
form tlif same amount of mirchaaiva! rrorl-:. the heart ii:r< to dilate or !t.-j miiicle 
iiliffs .•«!retef4 iH'fore it i-i eapabie of perf/jrm'uj;; tid’^ amount of i.'it-cJnsnieaj 

work. Thw means tiust i!;e Very earliest aid'll of the hyjimiv mtui ic eocdition of tSje 
heart mttsele i,s dilatation. Therefore the ’.nuwt-nt you ;!re sure that >U)-rj~f per 
•.if your ddaixaehu.'Otts tieneral Ifosidtal ea-s^'v of mysedenaa s'no-,r(<i ai lieiintte diiata- 
tioi!, I th!.tik you h.'ive t« .T^tree that you have evideruv of titc on.-e.-t of tli£« eouditioa 
of heart failure. Higiia <if eontti.-stive heart failure Uiay not y*.'t have sieeau up, hut 
ultimately they are t;oin;; tu d*.* »••. In a study of thi.- le-arl in hyiier^-tisioa I ha^e 
M.'eJi it tiu!'.* laid time aousu that the heart tU-t dilates :t little a«d keep on 

dihitiuo lor a liuriiber of ytar.-i i>efore delsnite aytsiptoiiis of eoaoesthe heart failure 
apjH-ar. 

I think the nest 'jUestion, .and a very jH-rtinent •■me, v»;w aske.j by Dr. H-erriuar.a. 
It is om.- I should have taken up more fully in my paper, hut in my iiurrv to ^jet 
thtuuoh I forgot nfxiul it. Thl.s coiiE-erns the atnousit of h<>tsio;^lohin and the red 
eel! count in these eases. Ais you kaov.-, wi-.en the reii blood eid! count drop.*, tlif; 
viseo.sity of tin.* blood drops -.vith it and if li.e uamo pm.sure ??.»;.■■« approximately tiw* 
same, the minuU'* vidume of tl.e hivirt must iticrease proper I iouately t/> tla* lierreare 
in vwosity. .\s Dr. Ilouioni .and I .-.houed many vears aoi,, in en.-a-s of .severe uut-mia 
the Juinute volume rn.ay inert a.se more than 1<H> pv.'' e<-nt ami therefore ivith tiiii lower- 
ing; of the rotl count, ue "et a treniemhsu.s iiu'rea.-i" in the irork of the heart, di'jre- 
over when tiie red count i.s lowerct! wry far. it i.i po-sible tlmt under reduced velocity 
of eirculatioa n condition of mild anosemia ini;;!it f>..sult. in our en,s,-s myxedema 
the red couut varkd het-.veeu three .and onedialf njiliidji and four and ....’iedtal.f laU- 
liom Thi.s decrease in the o il etmu: ■,v<.iaM IsV'.d ;it the l-e.st to tody .'i lu to i* per 
retsi increase in ‘.viifk of tie' heart pf*.vidvd tiie ir.ean Mood pressure rc.mair.ed the 
same. Of course this d‘x.o4 not mean a la to ’do i>cr cent iiierea.»e in the work of the 
normal heart, but it meunsi u iu to h'.> per cent ir.erease iii the work of a myxedema 
heart. you very vn-i! kiuav, the mir.ut.- vidun.c in myvt.-t.lema. hv very much rcrluced 
.so that ttse Work u{ the liear: i.s also very maci; reduced iu myxisjema. in il.e study 
of oar ea-si-s vve have M-eii the dihitatioa of the heart go d>->wri to smriua! and symp- 
toru.s of eotig>.'siive le.oart failur,.- reeede at the same lime that tiie red bh'wd ceil count 
remajRi'd practlttaily tlie .same a.s it was le'fore we gave liiyroid eitraitt; so I do not 
think tlmt *t-condarv' a.nerisia Ls an important factor ia the production of heart failure 
iu niyxedem.'i. The iitlu-r questiou of l>r. Herrmnun n-hilirig to li.e proteins of thi; 
blo'.Hl iu mv'Sedema was a very pertin-.-iit one. I !i.jve been juws.tigaliug the proteins 
of the bluo'l and the colloid o.sjmjsic i>re>..iute in relation to olema formaiios for a 
uurnlM-r of vvar-s, and 1 liav..- .sense ijixorsiiatio.n oss this factor iu stsy.vede.ma. One of 
our cases of usy5i.'di.-iu.'i hesirt al.so bad :i marked brwerirsg of .sermsi aibusain and the 
tis-motie prtsssure of the j.)L'is.ma colloids so that ibis rv.-i.s un*l<iabTe<ily a factor in the 
forusation of edema isi her case. In Iser ea,-.e, dilatation of the he.art rvctsled asid 
passive eonoestioa of tla,- liver and dyspnea db:ipiie,arcd bs.'fore th-e phiinm. proteimf 
returned to normah In one other case tvLere I have investigated the lowering of 
the seTUm albumin, it ba-s lie>.-K very .slight anti in coii.s.,ojuence the lowering of the 
osmotic pres.sure of the plasma colloids vva.s undoubtediy very .slight and therefore 
ibis could, at tie btrst, lx- only a very slight factor in the production of edema, 
alorc-ovcr, the heart failure .synipsom.s had disiippear-jd U'fore tluf pb.sma proteins 
r.-ere baeJ-t completely to tio-wmal, sbovcing that this factor !.s prol^aldy of very slight 
importance. 
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There was a question about "frank coiigostive heart failure by 13r. • 

cannot explain why he got only one case of frank congestive heart failure in tbntj 
eases of luyxedcnia, unless he is speaking of a very advaneed degree. 

One of those who entered into the di.seu.ssion talked about, minus basal rates, . p 
parcntly as synonymous with myxedema. I want to emphasir.e very vigorously Hint 
a. minus thirty basal rate doesn’t nccc.ssarily mean myxedema or hypotln roidism. 
Anyone who has a large experience with a group of girls on a univer.mty e.ampus 
who have liigh I.Q.’s, fast mental reaction time, and who often lead in their cl.isses, 
will know that a certain percentage of them have a rate of minus thirty or there- 
abouts. There is no reason to believe that these arc eases of either myxedem.a or 
hypothyroidism beamse they have not the symptoms of myxedema. I am inclined to 
believe' although I have no very good proof of it, that this minus rate has to do with 
some disturbance in the pituitary gland function. For me, the outstanding symp- 
toms in myxedema are those of the central nervous system, and our studies have 
shown that the I.Q.’s go down very low and the reaction time slows up very decidedly. 
Also there is definite loss of memory in ca.ses of myxedema. Hut in these young 
ladies with negative rates, these factors of central nervous disturbance .are not 
present. 

To two gentleinon who asked me about cases of myxedema heart with angiim pec- 
toris — I have seen only one case with angiim pectoris. Hut in the literature you will 
find that there are many cases of myxedema with angina ])ectoris. In some of tliese 
cases the symptoms of angina pectoris disappear on thyroid treatment, but iit others 
the angina pectoris increases on thyroid medication. 

Dr. Pardee asked mo a question aliout the myxedema .symiitoms. In tliose case.s 
where wo had tlic severest case.s of heart failure, the myxedema symptoms were out- 
standing. They answered questions very slowly; their I.Q.’s as measured by our 
university psycliologi.st were very low; their reaction time was tremendously slowed 
down; they had the characteristic jiufiTy eyelids and the narrowed eye-slits. They Imd 
drj' and scaly skin usually, rather than the thick and myxedematous type of .skin. 
The symptoms wore very marked in those cases with severe cardiac symjitoins and a 
very marked dilatation of the heart. All of the.se e.a.ses had their myxedema for 
periods of time from anywlicrc from three to six or eight years. Aly yoiingesl pa- 
tient, a girl of nineteen, with a very moderate degree of heart failure, bad bad her 
symptoms of myxedema for a year or less. Only one of our eases bad a definite 
thyroiditis with a hard woody gland. The young lady above mentioned had had some 
pain in her neck a rear prior to the onset of .symptoms. I couldn’t say whuUier that 
was a thyroiditis or not. 

In answer to Dr. Head concerning the correlation between dilatation of the heart 
and the olectroeardiograpbic chaiige.s; if you mean do we always find the cbaraclor- 
istic electrocardiographic changes when we find dilatation of th’e heart, then I would 
Sc^ yes. But if you have a patient who lias been on thyroid extract for a long pe- 
riod and you then take liiiii off the thyroid medication, you will find that the electro- 
cardiographic changc.s sometimes come on a few mon'fhs earlier tiian tlie marked 
dilatation and congestive heart failure symptoms. I mentioned that wc imd Ibree 
cases of true myxedema in which we had no symptoms of a congestive heart failure 
ana „„ of , 1,0 j-ct in all tl.oao onaoa tin, oloolrooanliocrn.n a 

flat T I haven t called these case.s my.vcdcma heart despite the fact that the elec- 
trocardiogram shows clianges in the mechanism of the heart. 

Dr. Georffc FaV, Aliuneapolis,' Miit^D^^KoJda^ 
weight ratio was higher than the normal? ' " ” 
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Br. Wallace M. Taler, Washington, D. C. — In connection with tlio sulijcct of 
ii^-pertrophy, it is very interesting to note tliat the degree of iij-pcrtrophy in In-^iorthr- 
roidism is slight when compared to tliat which occurs in hypertension. In Iniierto'n- 
sion the minute-volume output of the heart is not much changed, hut the weight of 
the heart becomes greath- increased as .a rule, whereas in liypertliyroidism the minute- 
volume output of the heart is greatly increased but the weight of the heart is rcla- 
tivelj- little changed. Apparently obstruction to blood flow is a much greater strain 
than increase in minute-volume output with lessened resistance to blood flow. 

Tlie question of malnutrition as a factor in the size of the heart is very important, 
as had been shown by a number of men in experimental work .with animals. iVlicn 
the nutrition of animals maintained in a state of chronic hyperthyroidism is kept 
normal, the heart gains moderately in weight, sometimes as much as 50 per cent over 
the normal limit. If, however, malnutrition sets in, the weight that the heart lias 
gained is rapidlj' lost, and when malnutrition is severe, a small, atrophic heart may 
result. 

Dr. T. B. Harrison, Nashville, Tenn. — The relatively slight degree of cardiac 
hypertrophy in these eases is of great interest. Probably it is related to the fact 
that the work of the heart per beat is not much increased in patients with thyro- 
toxicosis. Other tj'pes of cardiac disorder are likely to bo associated with increased 
work per beat as well as increased work per minute. It is likely that hypertrophy is 
dependent on the work per be.at rather than on the work per minute. 

Dr. Harold E. B. Pardee, New York, N. Y. — I should like to ask Dr. Kepler how 
many cases of heart failure there were without auricular fibrillation being present 
and the approximate age of those patients. 

Dr. E. J. Kepler, Rochester, Jlinn. — ^Regarding Dr. Fahr’s question I may .say that 
the weight of the heart was greater than the weight calculated from the standard in 
about one-half the eases, if the usual weight of the patient was used in making the 
calculation. If the last recorded weight of the 2 >ntient, which closely ajiproximatcs 
the actual weight of the body at the time of death, was used, it was found that in 
nearly every instance the weight of the heart exceeded the standard. Furthermore, 
we used as a standard the figures which Smith gave ns the maximal normal weight 
of the human heart. In other words, we selected the most rigid standard available 
and found that in one-half the cases the weight of the heart exceeded the standard. 

It is important to bear in mind, however, that, strictly speaking, we are discus- 
sing in this jiapcr a disturbance in the ratio of heart weight to body weight; and Ave 
assume that if this ratio is increased, there has been a “morbid enlargement or over- 
growth" of the heart, or, in other Avords, hyi)crtro 2 )hy. At the present time avc haA-e 
no reason to belioA’c that such an .assunqition is incorrect. 

Dr. Pardee, I belicA'c, raised the question of the frequency of aurictilar fibrillation 
AA’ith congestiA’o heart failure. Practically all of the 2)ntionts aa’Iio had congestive heart 
failure had auricular fibrillation or auricular flutter. 

The question also has been raised regarding the part AA-hich age plays in (he t"""' 
duction of congosti\'e heart failure in hjqierthyroidism. It is Avell recognized, clin- 
ically, that congcstiA'C heart failure in liAqAcrtliyroidism is .a 2>henomenon encountered 
rarely in young patients and coinjAaratiA’cly frequently in middle-aged and elderlA 
2 )atients. Consideration of our dat.a does not, hoA\-cver, enable one to formulate an 
02iinion regarding the influence AA-hich age has in the 2>roduction of congestive failure 
because the cases are distributed uncA-eiily through the various decades. The rela- 
tionship of age to congestive heart failure can bo studied best from clinical data. 
Our data do sIioaa-, A\-e believe, that congestiA-c failure m.ay occur in hyperthyroidism 
in the absence of anj- indei)cndent cardiac di.seasc, and purely as the result of hy 2 >i-r- 
thyroidism, plus the physiological diminution of cardiac reserve incidental to ad- 
vancing year.s. 
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Discussion of paper of Drs. Morris W. Lev u,ul Walter W. lla.nhurRcr. (See 

Fain-, Minneapolis, Minn.-I sl.ouia like to ask Dr. 
about the diastolic pressures in these eases. T have ahvajs )oen .suipns ( • 

do not have n.ore angina pectoris in severe exophthalmu., got ter than ;ve <lo . ^ ^ 
determinations of minute-volume tve know that in the eases dese.rtbed here tin )n.t.- 
uto-volumo will bo at least double. The hearl is not as enieieut .a maeh.ne ag.ainst 
increased minute-volume as it is against pressure, so that when the minute-volume 

eonsumj'tion of osvgcu more than doulile 


the 


has doubled, the heart is requiring a 

normal. . , ,,,, „ 

Practically all the fiorv through the eoronaries takes place during diastole, ilie 

diastolic time is cut down because these hearts are rapid. .■\s wo all know, the ma- 
jority of cases of hyperthyroidism do show a lower diastolic, pressure. Tf oiih a 
little coronary dise.ase is present then, all you need to do is to lower your diastolic 
pressure a little bit and you can expect to have angina. It. would be very interest- 
ing if we could find out in these cases of angina jicctoris whether the diastolic, blood 
pressure had been lowered, say down to 50 or some value like that, such as we once 
in a while find in the clinic. 

Dr. Louis F. Bishop, Jr., New York, N. Y.— I should like to ask Dr. Lev what the 
electrocardiographic findings were in this series of eases of angina a.ssoeiatcd with 
hyperthyroidism. I should also like to ask if fibrillation was iiresent in any of the 
cases with pain or whether there were any examples of paroxysmal tachycardia. 

Dr. Morris If. Lev, Chicago, 111. — In answer to Dr. F.'ihr, the dia.stolic. pre.ssure.s 
of all of our patients were norimil or increased. Wc did not have any unusually low 
diastolic readings. If anything, they tended to be above the usual rnto. 

In answer to the question regarding the electrocardiographic pictures, in this p.ar- 
ticulnr series wo took special pains to e.xclude those j)ationts who might be .accused 
of being frank coronary c.-ises, or of having any ottmr cardiac disturbance Judging 
from the electrocardiographic picture.s. 

None of our patients, as T recall, had any auricular fibrillation or ]>aroxysmal 
tachycardia. Anything tliat might have .suggested th.at the p.atient w.as sulTering 
from soniotliing other tlmn angina would have excluded fliat case from ovir scries. 

Discussion of p.aper of Drs. .Tohuson AIcGuiro and M.-irgjirot Foulger (.Sec 
p. 114.) 

Dr. Harold E. B. Fardcc, New York, N. Y.— Will Dr. McGuire c.xplain what he 
moans by “rolling contour of the T-w.avc”? Also did he obtain more tlmn one lead 
of these dogs? ^ If not, it is hard to see how the ol>.sorvntions can be final, because 
the lack of variation in one load is not an indication that the other lend.s arc also 
unchanged. 

Dr. Johnson McGuire, Cincinnati, 0.~ln regard to tlic definition of “r.olling con- 
tour,” I am very much interested to know if anyone can tell where that expression 
originated. It didn’t witli me. Wlien I reviewed the literature, I found the ex- 

and not pc.aked. In normal young people with “T” wavc.s of bigb voltage tbe wave 
rises sharply to a rcl.ativcly sharp summit. In our examples the apex of he ■ -e 

^ I found anv descrin 

tion of changes occurring in thyroto.xico.sLs e.xcent in Tf.ni " i • , " do.scnp- 

..Cl I it i, ■" »»' ""s* 2 


langes occurred iu Load L 


tion of thyroid extr.act, important clmr--''-^'*"*' ^ following the administr.a- 


Discussion of paper of Dr. Lewis U. Hur.xtJial. 
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Dr. E. J, Krpirr, JJorlioHtor, Aliim. — AVIiat wjik tin; fmjncncy with which j]c. 
uioimtrahlo I'nliirpi'incat of thi' heart took phirc luxi woh followed by o diminution 
in size? 

!)r. Jiupiird Tlnhnrx, Cliicnijo, 111. — Has Dr. Hiir.vth.'il (•omj)firf!l Uic cffcctH of 
diKitniis .'ilono nnd Luf;<'dV Kohitioii atone in re^jard to tiieir rildtity to produce im- 
jirovemcnt of the enrdiae dilatation liefore operalionf My experience personally has 
been that digitalis .alone has had coiiiparali%-ely little effect while LtigoDs alone had 
tiio result that he has demonstrated here. 

Dr. Lru'ix .If. Jliirrllud, llostori. Ma.ss. — About the freqjieney of dilnl.'itioa, there 
were eighty cases without eongestive heart failure. Of those eigtity, idneteen showed 
definite rhanges ns shown by superiinposition of films. Hight of ttiose were larger, 
.seven were tini|Uestionably larger, and four were smaller. Of the eases which showed 
larger hearts after operation, there were one or two with postoperative iny.vedenin. 
Some had definite hyperfemsive disease ami in one or two we felt that it could readily 
be enneltided that the inen-ase or gain of weiglit had something to do with it, Wc 
had one boy with severe exojihthalmie goiter who weighed ninety pounds before op- 
eration and one hundred and fifty pounds after operatioti. lie had gaitiird two-thirds 
of his body weight. Alfhougli the diaphragm was higher after ojieration in hi.s' 
case, nevertheless we fell fh.'it the heart .sh.ndow was definitely larger. 

Iji all c.ases with coagestive heart failnre there was a definiti' reduction in the 
size of the heart. In twenty-five eases of aiirirular fibrillation, definite reduction in 
the size of the heart took phace in fiftcs-n. In other words, ctuigesttve failure, not 
auricular fibrillation, is probably the thitig which causes the dilatation, Wc have 
been able to check cases o{ nonthyrnid he.art disonb-rs with cotigcstivc heart failure 
and we have Imtii aide to demonstriite the s.amo thing, but not so ronrlnsivt?ly lH\'ansi: 
there is u.sually fluid in the elu-st, making eomp.arisoas difiienit. 

About the use of digltnlis .‘lud I.ugol’s solution, I do not lodieve any rule can he 
laid down. AVe have jiurjinsely withheld LngolV stdutioii in patients with auricular 
ilhrillatiou and have given them digitalis and had excelh-nt results: that is, a relief 
of congestive heart failnre .and a certain amount of slowing of the pulse. We have 
also withheld digitalis in some cases and given Lngol 's and ohlained goad re.sulfs. 
In other ca.se.s where Lngid's solution had been given .•ind etionia ha*! im-re.ased. digi- 
talis cle.’ircd all .signs of congestive heart failnre. Of course, knowing one will work 
in some cases and the other will work in other cases, we give them both together in 
thi.s tj"}*!' cif case as soon us tin* patient enters the hospital. 

Discussion of paper of Dr.s. Daul S. Darker, .\nm- L. Holining. .and Frank N. 
Wilson. (.See p. 1 2 1.) 

Dr. O. Wcrkif, El I’.aso, Tex.— -f iiotieed. if I understood, that the mortality of 
ojieration in fibrillation eases wa.s 20 per cent. I do not umb'r.staiid whether these 
cases were operated upon during the fihrillation or after the heart had bwm corrected 
by digitali.s and iodine. 1 want to bring up our little e.xpertence in El P.'iso. 

It seems to me that a much safer method of handling tliose case.« would be to use 
x-ray and radium, becau.se in our .small seric.s of ease.s we bave hail no mortality at 
all. The patients a.s a rule have not been |mt to bed. They have not been prepared 
in any way, and the results have been j>erfeetly good. The treatment i.s prolonged, 
but 1 cannot see atn' diiTerence between the end-result.s in the.se cases and in the 
cases that were operated. 

Dr. Gcortie Fnhr. Minneapolis, Minn, — I understood you to say. Dr. Darker, that 
there were signs of toxic effect before there was an increase in the work of tiic heart. 
That seems very strange to me, and I .should like to a.sk how you mea.sured the work 
of the heart. 

Dr. Lrwi.‘; riur.rthiil, Boston, Mass. — I should like to discuss a few points whicli 
bear on the question of thyroloxieosi.s damaging the heart. In the fir.st place, dis- 
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of oo„.i,Kiio„; i. 0., voriou,. -f i,o„ri .i.ioou. oto 

roklism. Will'., preset, ll.oy cm. usually lu- nscni.cd fo other thiufis. . u - 
tl.at we u.ust not forpet is that then* is apparently « revers.I.le chaupe. Aft- r r. lu 
of hvperthvroi.lisu., the heart luuscle. from the fuucti.u.al ^‘t^>'■.lpo.ut. 

POOtlL before the onset of hypertl.yroi.lism. exclu.li..p the poss.U.l.ty of eMahl.,!. 
fihrillatio... It seens to u.e therefoie that there is not mueh evulenee of dan.ape fo 
the heart itself from thyroid toxicity. 

Dr, ]•:. J. Krplrr, Rochester. Minn.— The mortality rate of liy(.erlhyroidiKm ns- 
soeiated with auricular lii.rillation seems to l.e unduly hiph in the series of cases 
presented. It occurs to me that the encrpetic treatment of these pati-nls with dipi- 
talis may he a factor in part resj-onsihle for this. 1 am of the opinion that d.p.taf.s 
should he ..sed with caution in tveatinp hyperthyroidism. At the present tune 
dipitalis in the treatment of conpestive failure associated with hyperthyroidism is 

used co.n].aratively rarely at the .Mayo Clinic. Treat at with a.nmoninm nitrate 

and .s-alyrpan usually results in prompt diuresis and compensation is resto.ed without 
the use of dipitalis. When overt reatmenf with dipitalis is use<l, undesirahh* toxic 
effects may a])pear hefore the pulse nite or cardiac dceoniiiensatioii i- affeeted. 

Dr. Lru'is .If. Hurxthnl, Iloston, Mass.— We are n-inp dipitalis routinely in all 
eases of auricular tihrillation except in eases of tihrillatiou witho.it conpe>.tive heart 
failure, in which the rate does not averape more than pet tniiiiit'’, 1 he mor- 
tality at the Ctinie up to 1!'2S on the Mil eases of thyrocardiaes with eonpestivi* Imait 
failure or auricular fihrill'ition w.'is only three per eent. 'I'hi* mortality sinec tliat 
time in the peneral run of easi's is around one per edit. 1 thinl: that is a1m.it the 
same porcentape of mortality that is found in any thyroid eiinic. 

Personally, I have never s(‘en tiny harmf.il .'ff.'cts from usinp .lipitnlis in in- 
dividuals with hyjierthyroidisin. 

Dr. llartitd K. II. 7’ordce, New York, N. Y. — 1 should like to ask .dmut the excre- 
tion rate of dipitalis in these iiati.'.its. It has si'enied to n.i-, ;ilihonph 1 liave made 
no statistical study, tliat initieiits with hypcrthyroidisin need ...ore dipitalis than 
tlie ordinary patient. T linve followed two jiatients wliose metaholisiu w;is varvinp 
from time to lime. As the nn'taholie rate would po up, the tieeil for dipitalis would 
increase. 

I should also like to know in eonneetion with this mort.ilily rate if the patients 
who died were under what you would eoiisider proper dipitalis I'onirol at the time of 
opGr.atioii or if lliey were eulled from llie day.s hefore projier ilipitalis eoiitrcd was 
iiiiderstond. 

Ddiil S. h<irl:cr, .Ann .-Vrlior, Mieli. — I shall try to answer some of the ip.es- 
tions. Several of oiir jiatients were piven ipiinidine prior to operjition and .soniewhai 
over lialf of lliem relumed to normal rhytlim, hut in nil of tlwse the fihriUalion 
returned. 

I admit that the mortality in the.se eases seems Iiipli. You have no dmiht untie-d 
that the ape of tiiese patients with fihrilhition is eonsiderahly nhove Die averape ape 
of patients with toxie poiter. .Many of them were in inmr'eomlition and w.-re not 
operated upon for this reason. The mortnlity was very hiph in this proii,,. An ..n'orl 
was then made to .see what eoiihl he done I.y means of tlivroideetomv in siniilnr 
cases It IS belief tl.at the re.sults are belter will. Il.yroideelomy I)mu without it. 

excepting ,11 the very nged and those in extremely crilieni eondition. Sii.ee the time 
nl 

..lent in t!ie postoiiei-ntive period. ■-•■'.•pi 

Repardinp the work of the heart in the two eases that 1 eited hetweei. m,,.. 




heart was not 


inereased. 
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They did not liave arteriosclerosis. Tlie work of the heart, however, was not actually 
determined in these patients. I have estimated the work of the lieart in other pa- 
tients, and also in the cases of Daynes, Mcakins, and Sands,* in which the necessary 
data were given in connection with studies of the blood flow. The work of the heart 
was estimated according to the method described by Dr. Pahr,** and it is increased 
in fully developed Graves’ disease. 

We have not seen harmful effects from digitalis. We have seen beneficial effects 
in some patients. In others, however, we have given full doses without any beneficial 
effects that we could determine. I do not know why digitalis is less effective in hj^per- 
thyroidism unless perhaps it is utilized, eliminated, or destroyed more rapidly, or 
because vagus tone is low. It is well known that patients with toxic goiter require 
much larger doses of morpliine and also that they' tolerate larger doses of quinine 
than the average patient, and no doubt experience will show that tliey tolerate other 
drugs in larger amounts. 

It is my impression, although I do not have the figures, that the rate of excretion 
of digitalis is increased in hypertliyroidism. The manner of administering digitalis in 
this group of cases was such that we had to take into account not only the tolerance 
to a single large dose, but also the excretion rate, and it seems that both arc increased 
in these patients. 

Discussion of paper of Dr, John P. Anderson. (See p. 128.) 

Z>r, William T). Held, Boston, Mass. — ^IVhat was the maximum and average amount 
of quinidino given to these patients? 

Dr. John P. Anderson, Cleveland, 0. — I am sorry that I did not prepare any 
statistical record of the amount used. I would say that the average patient re- 
ceived about six doses or a total of thirty grains. Sometimes one or two doses prove 
sufficient, but it is not at all infrequent for patients to require the second and 
third day’s course of quinidine therapy' and a few required the full four days’ course. 
One such patient still had an abnormal rhythm on the fourth day, and I ordered the 
quinidine to be stopped at midnight. A normal rhythm was established about two 
o’clock that morning. 

Discussion of paper of Drs. Morris W. Lev and AValter W, Hamburger. (See 
p. 134.) 

Dr. Harold E. B. Pardee, New York, N. Y . — 1 should like to ask whether the 
patients w'ere at rest before the control electrocardiogram was taken. 

Dr. Morris W. Lev, Chicago, 111. — The taking of electrocardiograms was no 
novelty to them. They had had electrocardiograms taken previously for routine 
work, and there was no mental effect or any particular excitement. As a matter of 
fact, they were at rest at least fifteen minutes before anything was done. 


‘Davies, H. W-, Meakins, J., and S^ds, 11 : 299, 1924. 

**Fahr, Georg-e: Proc. Soc. Exper. Biol. & Med. S4. 405, 1927. 






156 


Till-: AMKHICAN MKAUT .lOUHNAI, 


Ijioliycardia ol the classical type {Tachycardir paroxysiique type Bou- 
vcrct) are not as a rule premhul or followed hy oxtrnsystolie avrhytlimia. 
"When isolated cxirasysfnles do occur iji assf)ciation with the onset or 
lerniiiiafion of (he paroxysms, they are not of the same clcclrocardio- 


t,M-apliic type as the heats that constitute the rapid rhythm, and this 
rliythin is not rejrarded hy tJallavardin as necessarily due to a succession 
of extrasystoles. In this type of paroxysmal tachycardia the attacks are, 
as a rule, relatively lone: and rather infrequent, rtallavardin has, how- 
ever, d('scrihed a /xroii/) of ease.s of piiroxysmid inchyruvdin of supra- 
ventricular orijiin in which the attacks were extremely frequent and were 


easily provoked hy exertion and excitement. " In the.‘;e <'a.sos fal.se arresl 
olteii occurred; i. e.. the r;ij)id rhythm was frerpiently interrupted hy 
.‘^hort periods of normal mechanism. O.allavardin' apparently regards 
ca.ses of this Icind as a distinct variety of ])ai’oxysmal tachycardia of the 
cla.s.sical type in which the jtaroxysmal center is unusually cxcitahle: he 
refers to them as exam()le.s of " Tarlnicnrdif priroxi/sliquc a centre 
cxcitahle." 

lie eon.sid(«rs paroxysmal (achy«-nrdia in which the attacks arc pre- 
ceded or followed hy isolated extrasystoles of the .same elect rocardio- 
trraphic tyi)e as (he heats which constitute the ectopic rhythm as helong- 
iug to an cut indy different group “ L’fxtra-s'y.<;tnUc it paroxymes 
taclu/rardiqaes." In (he majority of the ca.ses of this group the ah- 
normal rhythm consists in a sueee.s.sion of short paro.xysms la.sting from 
a few seconds to one or (wo mintile.s {tachyrardic nt .’talrc.^) separated 
hy periods in which heats of norma] origin are intersjjerscd with extra- 
.systoles occurring singly, in pains, or in .short rtin.s. In rare ca.ses the 
jjaroxysms are very long, and Oallavardin' has reported an instance in 
wliieh the ahnormal rhythm persisted continuously for a period of thirty 
days. .At the heginning and tow.-ird llie end of this ])criod. however, the 
tachycardia was occasionally intorruj)tcd ])y the occurrence of heats of 
normal origin. 

It will he .seen tliat (lie cases de.scrihed in this article correspond, on 
the one hand, to the cases referred to hy Gallavardin as iachycardic cn 
salves, and, on the other, to the group wliiclj lie designates Iachycardic 
paroxystiqiic d centre cxcitahle. 


lia.USTRATIVK CASK 

Case 1. — .Att Atncric.'in farmer, aged thirty-one rears, was admitted to tlio Uni- 
versity Hospital, August 20, 1024, complaining of breathlessness, and .nttachs of 
rapid lieart action. 

Present lUnc.ss . — He had alw.ay.s been well and had had an unusual c.apacitj for 
work until December 20, 1017. On that date while he was chopping wood, his heart 
suddenly began to beat with extreme rapidity and violence. He felt a “buzzing” 
in his chest, and was soon covered with cold per.spiration. He was very weak .and lay 
down on a log, but, after a few minutes, got up and managed to reach his home, a 
half mile away. On entering the house he sat domi on a couch and suddenly became 
unconscious, remaining so for “about one hour.” 'When he regained consciousness, 
the heart action was normal. A second attack occurred one week hater, when he 
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Wile in tlio liospital lie was given sjmrtem, ninl lie conlimiMl tins r u 
one year after rclnrning home., l^urivp tl.is time lie was fre.inently simrt of l.n at , 
but he had no more attacks until December. lOlS, when a imro.xysm ean.o on wh.l a 
u-as hunting rabbits in deep snow. He could not walk home, but had to be brought 
to the house u-ilh a horse and wagon. The r.npid heart action continued for three 
four hours. Prom that time the attacks were so frequent tliat he was almost com- 
plctelv iiieapacitated by them. They were, usually brought on by exertion, eating, or 
excitement. Thov varied in duration from a few seconds to seven days. He too. 
many kinds of drugs, ineluding apartein. which had previously seemed to give him 
relief, witiiout effect. On several occasions he became unconscious for a brief inter- 
val, and he believed that each time the fainting spell oeeiirrcd just after tbe paroxysm 
came to an end. The cessation of the rapid heart action was often followed by 
nausea and vomiting. 

Past Histor ;/. — He imd had a severe attack of scarlet fever without complications 
at thirteen years, a severe attack of pneumonia at .seventeen, and n Tight at lark of 
influenza in IflIS. Scver.al years hofore his illness he had a perirectal ahsci-ss which 
healed after drainage. ITc gave no history of rheumatic fever, clmren, or tonsilliti.s 
and denied having liad vcncrcnl disease. The marit.'il and family history were not 
signific.ant. 

On examination, the patient was well developed, .and widl nourished. There u'.as 
no cyanosis and no objective dyspnea; no congestion of (he nock veins, or throbbing 
of the pcriphcr.al arteries. The radial .and brachial arteries wore .slightly thieheued 
but not tortuous or beaded. Tlicre was no tracheal tug, stihsfi'rnal dullness, or jiulsa- 
tiou in the supr.'istern.al iioteli. 'I'liere wns no iie.aving of the precordia. Tlio left 
border of the heart could not be definitely located by inspection or ]mlpation, but 
the left border of cardiac dullness w.a.s about two eealimeter.s outside the nipl'lo line. 
At tiic apex, the heart sounds were rather distant. At tlie base, the .aortic .second 
.sound was sliglilly accentuated. There were no muniiiirs. The rliythm wais di.sturbed 
by frequent extrasystolcs, and bigeminy was pri'-cnl for brief periods, Tbe examina- 
tion of tlic abdomen and the extremities was entirely m-g.afive. 

LaVorntor}/ Tests . — An x-r.ay examination of the chest showed nothing abnormal 
in the lung fields. The size of the heart wns diflicult to make out Ijecauso of the 
prc.5oneo of scoliosis, but the teleroentgenogram showed a Daiizer ratio of O.-IO. The 
examination of the urine and of the blood showed no abnormalitie.s. Tlie .sv.itoTic 
blood pressure iv.as 1.10 mm. Ilg, and tbe diastolic «!> mm. Ilg. Tlie W'assennnnn test 
was negative. 

Special SUtdics.—An electrocardiogram taken on September 2 showed pronounced 
V-shaped inversion of tlie T-dcfleclioms in Leads JI and lit and bigeminy due to 
ventricular extrasj’stoles. The form of the extrnsystolic complexes was exceedingiv 
variable. An electrocardiogram taken on .September -1 (Pijr. ]) .^vns similar in all 
rc.spects except that no cxtra.systolcs were present. Exertion (nmning uj) and down 
stairs) mducod bigeminy and multiple o.xfrasystales, as many as six in succession; 
the form of the cxtrasystolic complex was again variable. As a rule no two extra'- 
systoles of a snece.ssion were .alike in form or spacing. After the exercise had been 

iXttiSrr/"r’ ventricular taehycardia 

was prcc pitated. The paroxysmal rate wa.s about 200 per mimvtc and the rhvlhm 

r ::: -- 
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clTpcf. Oji f)ii.s aKrifltfi could be induced at will by exertion. The paroxysni.il 
rate varied from 171 to 231. Two j)arox 3 '.‘iin.s separated by a single normal beat dif- 
fered in rate by 32 beats per minute (Fig. 2). The riiytlim was sometimes con- 
si)icuonsly irregular (Fig. 2) during tlic pjiro.xysms ; at other time.s the irregularity 
was very .slight (Fig. 1). From September G to 10 the patient was given quinidine 
.sulphate; 0.4 gm. at 8:30 A.M.; 0.2 gm. at 11:30 a.m. and .at 3:30 p..vr. During this 
])eriod he was free of .attacks not only while in bed but also while he was w.alkinr- 
about. lie .asserted th.at he had not felt so well in months. Att.acks could still be 
induced by e.xertion, .and cxtrasystoles were frequently present. Quinidine w.as dis- 



FIk. 1. — Case 1. Left-band column: Leads I, II and III in order. Taken on 
September 4 , 192-1. The T-dcnections are sharply inverted in Leads II n’ld iii. 

Center column : Leads I. IT and III in order. Taken on September S I 9.1, -anen 
the patient was receiving 12 pralns of tiulmdine .sulphate per day. The T aenecuoi 

"‘"‘'Ripht-hand Dead.s I. II and III in order. T.aken on September 5 192b 

during .a Ions' attack of ventricular tachycardia. Heart rate 21- pei minute. 
n^defim-te arrhytlimia. (In all tracins-s .'i deflection of 1 cm. represents a potential 

difference of 1 millivolt.) 

continued on September 9, but no paroxysms occurred until September 12. On tins 
date the electrocardiogram showed frequent auricular cxtrasystoles as well as ventrie- 
ulav extrasvstoles. Eight to ten auricular extrn.systoles sometimes occurred in suc- 
cession (Fig. 3). The p.atient had several .attacks of paroxTsm.al ventncul.ar tachy- 
cardia, and these were frequently interrupted by runs of auricular extrasysto es 
(short attacks of paroxysmal auricular tachycardia) ivhicli occurred at a sligh 
more rapid r.ate than the beats of the ventricular paroxysm and therefore temporal 
suppressed the ventricular pacem.aker (Fig. 3). When the rates of the 
auricular center and of the paroxysmal ventricular center were nearly the ^ 

ference took place, and the ventricular complexes were transitional m form betwe 
the complexes of the paroxysmal auricular and those of the paroxysmal vciitiicuiar 

series (Fig. 3). 
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Fig. 2.-Case 1. Upper curve : Lead HI rifyuTm 

ular tachycardia and the DuHiw the first’ paroxysm the rate was ap- 

the second. 



. 3^Case 1. All tracings taken September 12, 1924. Lead III only. Top 

ull?extras^y°stoles"® auricular extrasystoles, usually preceded by one or two ventric- 

shorw^lf attack of ventricular tachycardia temporarily interrupted by a 

short run of auricular exti asystoles occurring at a slightly more rapid rate than the 

At the ^onspt ^nf'^tvip la*'® approximately 185 per minute in both cases). 

At the onset of the auricular paroxysm complexes of transitional form due to inter- 

ofms%ype^ndicat'ftw^^^^^^ V'" a number of%eriods of in\er%%1,^^ 

nnrt * ^ ® auijcular impulses often reached tlie ventricular center 

and brought the ventricular paroxysm temporarily to an end ciiLiicuiai center 
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Tlio administration of quinidine was resumed on September 13 and continued dur- 
ing tlie remainder of the patient’s stay in the hospital. One attack lasting thirty 
minutes occurred on this date and a few short attacks on the following day, but he 
was comfortable thereafter. Exertion failed to produce a long attack on September 
13 and again on September 18, although many short attacks consisting of five or sk 
beats in succession did occur (Fig. 4). Atropin (one twenty-fifth of a grain intra- 
venously) on September 13 had no definite effect upon the frequency of the abnormal 
beats. The inverted T-deflections present on admission gave place to broad upright 
waves when quinidine was given (Fig. 1) and returned n-hen this drug was omitted. 

The patient was discharged on September 24. Wc have since learned that he was 
able to return to work but died suddenly while eating lunch a few months .after he 
left the hospital. No further details could be obtained. 

Case 2. — An American plumber, aged fifty-two years, was admitted to the hos- 
pital October 24, 1929, complaining of shortness of breath and palpitation. 



Fip. 4, — Upper tracing:: Case 1, Lead III. Taken on September 18, 1924. At this 
time the patient was receiving: 9 to 12 grains ot quinidine sulphate per day. E.xeruon 
precipitated only short runs of ventricular extrasystoles; no long attacks. 

Lower tracing: Case 4, Lead II. Short paroxysms of ventricular tachycardia oc- 
curring in rapid succession. The auricles responded to the ventricles during tne 
paroxysms. 

Present Illness . — He was entirely well until August, 1927, when he had an attack 
of palpitation after eating which lasted one or two hours and produced slight dizzi- 
ness. A second attack occurred two weeks later and four or five other attacks dur- 
ing the remainder of the year. At the onset of these later attacks he noticed a 
choking sensation and a feeling of pressure in the region of the ensiform. During the 
attacks he felt faint; he had a beating sensation between the eyes and a “wooden" 
feeling in the head. He would forget things that he had heard only a few minutes 
before. 

In January, 1928, he became short of breath and had to give up work. Sweeping 
or any other slight exertion would bring on an attack which might last eight to ten 
hours. He had to lie down most of the time because of giddiness and faintness. 
Occasionally he had sharp shooting pains in the precordia with dull pain in the left 
shoulder, but without radiation to the arm. These pains were not relieved by nitro- 
glycerin. 

In June, 1928, he was at his worst; slight exertion such as walking up a few steps 
w'ould precipitate an attack. He had frequent fainting spells and often felt as though 
he were going to die. During an attack he could hardly feel his heart beating. In 
January. 1929, he began to improve and had since felt much better, but still had 
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frequent attueks and ^vas unaDlo to vrork. He had gained about ten pounds in 
weight. Ho had never suffered from orthopnea or cough. He had had no edema of 

the ankles^ _ 

The past history threw no light upon tho etiology of the cardiae disorder. He 

had had the usual diseases of childhood hut no scarlet fever, chorea or rheumatic 
fever. He denied venereal disease and had .seven children living and well. 

Physical Examination.— -Tha patient was well developed and sliglitly obese. His 
complexion was ruddy and he did not appear ill. Tho skin, head, ears, eyes, and 
nose showed nothing abnormal. Tho teeth were artificial. Tlie ton.sils were slightly 
enlarged. There was no thyroid enlargement. The lungs were normal. The cardiac 
apex was felt in the fourth intercostal space fl cm. from the midline. The area of 
cardiae dullness was not increased. There wore no murmurs. The blood pressure was 
150 /90 mm. Hg. The abdomen and the extremities were negative. 

Laboratory Tests. — On x-ray examination the heart was thought to be slightly 



UnnJ''uif/'®onrirn?'VT I" ncths of a second. Two toads taken simultaneously, 
electrocardrngriim! ^ ^ ^ before exercise (October 28, 1920). Normal 


e larged to tho right and the aorta appeared to be somewhat tortuous and slightly 
dilated. The llassermann tost was negative. The blood and urine were normal, 
le basal metabolic rate was 17 per cent below normal on two occasions 

resfecTthf hetT‘“f ” "’“^°««rdiogram taken on October 14 was normal in every 
pect, the heart rate was 60 per minute. On October IS the patient comnlained of 
pain m the prccordia and irregular heart action In f 1 ,n 

Sgk\“L!rrbl^^ alerksyS^m^rto follorereTtlier 
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of short attacks of iiaroxysinal ventricular tacliyeardia separated by brief periods 
of bigcminy or trigeminy. Tlie paroxysmal rate varied in different attacks from 100 
to 184 per minute. Wlion the patient rested, the disturbance gradually subsided, but 
returned on further exertion. It was okserved that the paro.xysms did not as a' rule 
begin during the exercise but one or two minutes after it had been completed. At- 
tacks were also induced by exertion on October 22. 

On October 23 the patient was given a single dose of quinidine sulphate (0.8 gm.) 
at 1 P.M. At 2:35 p.m. the electrocardiogram was normal and the heart rate 73 per 
minute. The T-dcfleetions were slightly flatter and broader than on previous occa- 
sions (quinidine effect). Paroxysms were induced by exertion several times during 
the afternoon; it seemed slightly more difficult to precipitate them than it had been 
previously. Tlie paroxysmal rate varied from 1G8 to 188 per minute. No relation 
could be discovered between the paroxysmal rate and the sinus rate just before or 
just after the parox^-sm. 

Prom October 24 to November 1 the patient was given 0.4 gm. of quinidine sul- 
phate three times per day. During this period he was cornfortahle and had no 
spontaneous attacks. At 3 p.it. on October 28 the electrocardiogram was normal 
(Pig. 5) and the heart rate GO per minute. E.xcrtion raised the sinus rate to 100 per 
minute and again produced jiaroxj'sms similar to those previously described (Pig. 5). 
Exertion also iirodiiccd paro.xysms on October 31; abnormal heart action persisted 
for eight minutes. Eujihj’llin 0.1 gm., three times per day, was substituted for 
quinidine on the morning of November 1. On the following morning walking np 
and down three flights of stairs four times (an amount of exertion not greater than 
that previously employed to induce attacks) was followed by a succession of par- 
oxysms wliich began about one minute after the completion of the exercise and con- 
tinued for five and one-half hours. Amy] nitrite had no effect. As many as 43 
oxtrasystoles in succession were counted. Wliilc taking ouphyllin the patient had 
frequent spontaneous attacks and also complained of nausea. When this drug was 
replaced by quinidine, he was again comfortable and practically free of e.xtra- 
systoles so long as he remained quiet. 

Tlie patient was disch.arged on November 18, 1929. A recent letter (April, 1932) 
from his home physician (Dr. D. Pierpont of Ironwood, blichigan) states that he 
is feeling much better than when he left the liospital and can walk a mile without 
much discomfort, but is not able to work. His pulse rate is usually between 60 and 
Go per minute. He lias substcrnal pain at times especially on climbing stairs. A 
letter from the patient (April, 1932) states that he has not hod a heart attack for 
about six months. He has substcrnal pain on exertion, but if he continues the exer- 
tion the pain subsides. 

Case 3. — We have had the opportunity of making less complete observations on a 
third example of this disorder. The patient was a woman in the late thirties. She 
had had typhoid fever but no other serious illnesses. There was no history of chorea 
or rheumatic fever. For several years she had noticed pronoimced palpitation m- 
duced by exertion or excitement. There were no other symptoms except a rather 
marked feeling of exhaustion which varied greatly in intensity. The examination 
of the heart revealed no signs of structural disease. The thyroid gland ivas slightly 
enlarged but there -were no symptoms or signs of thyroid intoxication. The re- 
mainder of the examination was negative. The electrocardiogram xvas normal when 
the patient ivas resting. Immediately after exertion each normal heat ivas followed 
by a succession of four to ten ventricular extrasystoles. In the course of a few 
minutes the extrasystolic salvos became less frequent, the number of extrasystoles^ in 
each group decreased and normal rhythm was established. The amount of exertion 
necessary to precipitate the disordered heart action was very small, and the patient 
found it practically impossible to do any tj-pe of ivork involving physical effort or 
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excitement. Qn5ni<r.nc .sulphate (0.2 pm. t^v« ov three limes n .lay) lessone.l the 
frcnuau'.y of the attacks hut (lid not abolish them. 

Case4~A fourth patient (male, ape.l t^venty-f.vc years) Avlua.^ve have seen 
onlv ol clisplavcl a Similar distuvhaace of the car, line umehanis.n, but .n th.s .n- 
stance there was’uo .Icfnhte relation h, .tween exertion or exmteumnt ami tt.e att.uks. 
lie complained of an increased teudeu.-y to fatipue durinp the preeedu.p tluee re., s 
and of palpitation. The past history was nepativ... The exaunnatmu eve d 
nothinp abnormal exempt slipht seotmsis, very mild anenna, and cardiac an In thin,,. 
There wore no sipus of structural heart disease. In the electrocardmpram evc,-y sec- 
ond normal bent was followed by a series of from two to seven ventricular extr.i- 
systoles (Fig. 4). Each ectopic impulse, e.vcept jieihaps the first of each senes, was 
conducted to the auricles. This is indicated not only by the not.-h on the downstrokc 
of the inverted T-waves but also by the uniform length of the post ]Uiroxys,nal pause 
(Fig. 4). There was no change in the cardiac mechuuism during the few hour.s that 
the patient was under ohscrvatioii. 


SIMIbAK CASKS irKSCIlllIKI) IN 'JTIK Kl'l'KItATUKK 

We have not made an cxliavislivc study oC the litevatvirc, Imt in a brief 
survey of the publications of recent, yonr.s rolaliitp to jiaro.sy.smal lacliy- 
cardia tve have found a numbc)' of ca.se hislorie.s similar to those iriven 
above. 


The patient studied by Scott* was a woman, ap.'d tliirty-nine years, wlio gave .a 
history of typhoid fever and of vague rheumatic symptoms at twenty-two years of 
age. She Jiad .sufTcred from jmlpitation for about ten ye;ir.«. At first the {it(aek.s 
were not frequent or severe, and tlioy gave her no particular concern. For tlu' past 
year, Iiowever, .she had been unable to work. Attacks of raj, id heart action were 
easily precipitated by exertion and lasted from one to forty-eight hours. Ther.. was 
no evidence of structural heart di.se.'use, the blood pressure rvas uoriiial, and flic Was- 
.sorniaiin test negative. Alild cardiac failure occurred in the longer attacks. Thu 
electrocardiograms were similar in all rospects to those otilained in onr east.'s. The 
abnormal bents arose in the ventricles and wert- comluctuil to the auricles. Tlie ef- 
fect of drugs was very carefully investigated, Xilroglyeeriii had no etTect. Doth 
atropine (0.02 to 0.03 grain) and adrenalin (10 to 1.3 minims of a 1: 1000 solution 
intramuscularly) pi'ccijiitated nffucks. Long attacks could invariably bo brought to 
au cud by a single dose of quiuidiuc sulphate (0.4 gm.). AVheu ijuinidine wn.s give,, 
regularly (0.2 giu. three lin,cs per day), t?,e patient was free of attacks and was able 


to return to work. 'When the drug was discontinued so„,(> .six moutlis later the at- 
tacks returned, but they stopped again when the aduiiuistraliou of the drug was re- 
sumed. We arc informed (Alay, 1032) by Dr. Scott, tluit tliis patient bas recovered 
completely. She no longer take.s quiuidiiie and has had no attacks for scvoral years. 
Examination of the heart shows nothing abnormal. 


Two c.ases are briefly described by Wcnekebael, and tVintorberg* in their book on 
iiregular heart action. I'lic first pulieiit was a woman fortv-four years of ago, who 
complained of severe palpitation on e.vortiom When she wa.s at rest the cardiac 
rhythm was sometimes normal, sometimes disturbed by ventricular cxirasvstoles oc- 
curring singly or in groups of two to three. Alild exertion increased the'frcnueiicy 
of the abnormal beats. Atorc violent exertion wa.s followed bv short attacks of par- 

Zlul r'f "’r was normal 

lasted for 

l\e minutes. At the onset the paro.xysiiinl rate was 230 per minute but in two 
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of this attack was followed by salvos of extrasystolcs, aaii noraiai rhythm was ouly 
gradually reestablished. 

The second patient wa.s a woman, aged fifty-three years, who had always been iveil 
except for rhouruatic fever twenty-eight years before. Three years before she began 
to buve palpitation on exertion, and the amoimt of exertion necessary to induce this 
symptom had gradualiy dijninished. When tiie patient was resting the cardiac 
mechanism was normal ami the heart rate wa.s tiO ]icr minute. Exertion invariably in- 
duced attacks of ventricular paroxysmal t.’icliyc.ardia, .and spontaneous att.acUs were 
also observed. After mil<I exertion the tachycardia began at once, but after more 
violent exertion there was a delay of one or two minutes, Electroc.ardiogram.s showed 
that this delay was due to the very rapid .sinus rate. When the sinus rate wa.s driven 
above the usual paroxysmal rate, the abnormal heart action did not btigiu until the 
.sinus rate had fallen to the paro.xy.smal lcvt-1. When tliis point w.'is readied, inter- 
ference between the two rhythms svith ventricular complexes of trausitlonal form oc- 
curreil at the on.set of the abnormal rhythm, 

.■\nder.sonV patient w.'is n boy aged .seventeen years who complained of frctiuent 
attacks of palpit.ation during the previous three ye.'irs. Attacks were induced by ex- 
citement and exertion but also m'eurred spontaneously. There w;i.s no hLstory of 
rheumatic fever, chorea, scarlet fever, or diphtheria, .and there were no signs of 
structural lieari djso.a.se. At lirst the abnormal cardiac mechanism comsixted in a 
rapid sucee.ssion of short runs of ventricular extra-systoles, but later long attadis oc- 
curred. When taking ijuinidino (5 grains morning and eveiiiug) the patient was 
completely free of attacks. The discoutinuauco of this drug was followed by a pe- 
riod during which attacks could be induced by exertion, altliougU the isol.atcd extra- 
systole.s that were usually numerous ju.st liefore and just after an attack were entirely 
absent. At the beghiniJig of one attack studied the auricles beat imiepeiidcntly, but 
later the auricular rate w.'u exiu-tly one-half the ventricular. 

Cases 'i and 5 of the series of crises of paroxysmal tacitycardin reported by Gil- 
christ* also belong to the group under consideration. The first of ihe.se patients was 
a nnuJ aged forty-one years who eompluined of short attack.s of palpitation brongiit 
on by exertion. The heart w.os slightly enlarged to the left, but there were no other 
signs of structural heart di.sea.se. Aside from a .sei'oiid.T-ry ruiemin the remainder of 
tlie clinical examination was negative. The patient wa.s in the habit of smoking large 
quantities of strong tobacco. 

When norinai rhythm was present, the electrocardiogram showed very large in- 
verted T-waves (Lead HI), similar to those which occurred in our Case I, An 
electrocardiogram t.akeu during an att.-ick showed a very irregular .succession of 
strikingly abnormal ventricular complexes. No auricular waves were visible. Alter- 
nation in the form of tlie ventricular complc.xe.s is seen at the beginning of one of 
the small strips of record reproduced. 

The second patient, a m.an aged nineteen year.s, had suffered from attacks of gid- 
diness and weakness for the p.ast eighteen months. These attacks were precipitated 
by exertion. At lirst they hasted only four or five minutes, but more recently attacks 
lasting two or three hours had ocenrrtal. An electrocardiogram taken during .an at- 
tack showed “.'in intimate mixing of short ventricular paroxy.sms, multiple and iso- 
lated extrasyatoles, and occasional beats of normal origin.” There was no evidence 
of structurai heart disea.so. Attacks were easily induced by exertion. When taking 
seven grains of quinidine per day the patient was freo of attacks and able to work. 
Vagal stimulation and large doses of digitalis had no effect upon the abnormal 
cardiac mechanism. In one of the tracings published the paroxysmal rhytiim is 
nearly regular; a second tracing sliows a very high grade irregularity. 

The patient studied by Allan*'* was a man aged fifty-tliree years who complained of 
short attacks of giddiness and faintness which had occurred off and on for the past 
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twelve years. Eecently these attacks had become more frequent; f ^ 
convinced that e:certion and excitement precipitated them. In " 

came unconscious, and typical Stokes-Adams seizures were observed J 

the hospital. Between attiicks the examination of the heart w.as entiie y g. 
and the electrocardiogram was normal. Electrocardiograms taken during attacks 
showed runs of ventricular extrasystoles varying in duration from six to twcntj -three 
seconds. Extrasystoles of the same type as those of the paroxysmal series occurred 
singly or in pairs between the periods of rapid rhythm. After the^ first few beats of 
the ectopic rhythm the auricles responded to every second ventricular contraction. 
Quinidine sulphate (0.2 gm. one to three times a day) completely abolished the 

attacks. 

Hume” reported sLx cases of paroxysmal tachycardia occurring in soldiers in 
France. In four of these cases attacks were induced by exertion. They could not 
be induced by the administration of atropine (one-thirtieth grain) or adrenalin (two 
and one-half minims of a 1; 1000 solution intravenously). None of the patients 
showed any evidence of structural heart disease. It was impossible to be certain that 
the attacks were ventricular in origin. 

Willius” reported a series of five cases of paroxysmal ventricular tachycardia. He 
states that the attacks were related to exertion and excitement but gives no details. 


COMMENTS 


The most notable features of the group of cases under consideration 
are: (a) the relation of the attacks to exertion and excitement; (b) tbe 
absence in the majoritj^ of the eases of signs of structui*al heart disease ; 
(c) the occurrence of many short attaelcs in rapid succession separated by 
periods of high gTade extrasystolic arrhjiihmia; and (d) the effective- 
ness of quinidine in controlling the abnormal mechanism. 

Because of the relation of the paroxysms to effort and emotion the at- 
tacks are exceedingly frequent and the patient is usually seriously handi- 
capped. As a rule the disability is greater than that produced by a -vrell- 
eompensated valve lesion or by continuous auricular fil3rillation without 
congestive failure. In those eases that have been followed for a con- 


siderable period of time there has been with one exception (Scott’s case) 
little tendency to z’ecovery. The frequent occurrence of ventricular par- 
oxysmal tachycardia in coronary thrombosis and the relation of the pain 
of angina pectoris to effort and excitement suggest the possibility that 
coronary disease may be the cause of this disorder. There is, however, 
Uttle evidence to support this view. It is not in harmony either with the 
youth of some of the patients or with the absence of clear evidence of 
structural heart disease in the majority. Typical anginal pain did not 
occur in any of the cases reviewed. In the case histories evidence of o-en- 
eral arteriosclerosis arterial hypertension, diabetes, and luetic infection 
all of which are relatively common in cases of coronary disease is con- 
spicuously absent. It may be pointed out, however, that in one of our 
cases and m one of those reported by Gilchrist the T-deflections of the 

be .elative,, eases o* 
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and are someivliat similar to the T-wave changes that are seen in coronary 
thrombosis. They evidently indicate a local change in the duration of 
the excited state in the ventricular muscle. Such a change may depend 
either upon a structural lesion or merely upon altered function dependent 
perhaps upon influences exerted by the vegetative nervous system. It is 
noteworthy that quinidine may profoundly alter the form of these in- 
vei’ted T-deflections (Case 1). 

The relation of the attacks to exertion and excitement, the absence of 
signs of structural heart disease, and the fact that paroxysms are precipi- 
tated in some of the eases by adrenalin and atropine suggests that the 
cause of the disorder may lie in the vegetative nervous system rather 
than in the heart. Attacks appear to be induced in susceptible indi- 
viduals chiefly by procedures that increase accelerator op diminish vagal 
tone. It is worthy of note, however, that none of the patients studied dis- 
played any e^ddence of thyneotoxicosis. The abnormal mechanism is not 
very unlike that which Levy^^ produced in animals under light chloro- 
form anesthesia by the injection of adrenalin, nicotine, atropine, and 
other drugs and by direct or reflex sympathetic stimulation. Levy found 
that after removal of the adrenal glands and the sympathetic nerve sup- 
ply to the heart these disturbances of the heart beat could no longer be 
induced by syunpathetic stimulation ; the injection of adrenalin still in- 
duced them. Beattie, Brow and Long^^ found that they could be pre- 
vented by^ section of the hyqiothalamus so long as the adrenal medulla 
was inactive. It is possible that in patients who display’- the type of par- 
oxysmal tachymardia under consideration the heart is for some unknown 
reason unusually susceptible to sy’mpathetic stimulation as it appears to 
be in the early stages of chloroform anesthesia. 

Paroxy^smal tachy'cardia of the classical ty'^pe may usually^ be recog- 
nized from the patient ’s description of the sudden onset and termination 
of the attacks. Where the attacks are short and frequent and are pre- 
ceded and foUo-sved by^ high grade extrasystolic arrhythmia, this is no 
longer possible and it is not easy to determine the true nature of the dif- 
ficulty^ unless the patient is seen during an attack. 

Quinidine may be regarded as a specific remedy in this disorder in the 
same sense as digitalis is so regarded in auricular fibrillation ; i. e., the 
benefit derived by^ the jiatient is comparable in the two cases. In some 
instances small doses of this drug completely prevent the occurrence of 
attacks and enable the patient to return to his customary’- mode of life. 
In others, doses that are easily tolerated when taken over long periods of 
time are not sufficient to prevent attaclcs altogether, but seem to decrease 
their frequency’- and severityL These effects of quinidine are not, how- 
ever, peculiar to the ty^pe of paroxy’smal ventricular tachycardia de- 
scribed in this article ; similar results occur in all types of paroxysmal 
ventricular tachycardia with the possible exception of the type that oc- 
curs in digitalis intoxication. 
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Certain features of the cardiac inecliaiiism in tlic cases described a 
ivortliy of brief comment. In Case 1 there was evidently some region 
within the junctional lissues that was capable ol conducting impu sos 
from auricles to ventricles, but not in the reverse direction. During live 
paroxysms of ventricular tachycardia the sinus node continued 1o lunc- 
tion as auricular pacemaker. In some of the short cr at t acks the auricular 
complexes could be identified without difficulty ; in the longer attacks this 
was not possible, but tbc frequent absence of a postparoxysmal pause 
when the termination of the abnormal rhythm was recorded indicates 
that the auricular rhythm was not disturbed by the ventricular tachy- 
cardia. The more or less regular occurrence in many of the records of 
isolated ventricular eomjilexes transitional in form between the pai- 
oxysmal complexes and the complexes of supraventricular origin strongly 
suggests that from time to time during tlie jiaroxysms inqiulses of sinus 
origin reached the ventricles, d’he unidirectional block in the junctional 
tissues was not due to a general depression of atrioventricular conduction 


with a slightly greater depre.ssion of conduction from A’cntricles to 
auricles than of conduction in the opposite direction. \Vhcn an aui’icular 
tachycardia occurred during a ventricular jiaroxysm and the auricular 
rate exceeded the ventricular the ventricles rcs]iondcd to tbc auricles, 
and there was no indication that conduction in the forward direction was 
in any way subnormal (Fig. 3). In Case 2 conduction took place with 
equal or almost equal facility in either direction : the auricles rc.sponded 
to the ventricles during the paroxysms, and even single ventricular 
extrasystoles were followed by sequential auricular boats (Fig. 5). 

These cases furnish no data that enable us to come to any final deci- 
sion regarding the nature of the abnormal mechanism, and a full discus- 
sion of all of the possibilities would prolong this article beyond ii reason- 
able length. We may, however, point out a few difficulties that are en- 
countered when an attemiit is made to interpret them in terms of the 
views with respect to paroxysmal tachycardia that arc now mo.st widely 
held. If the ventriculax' paroxysms arc attributed to circus contraction 


and the isolated extrasystoles are regarded as re-entrant beats, it is dif- 
ficult to understand what took place when, as in Case 3 and in one of the 
cases described by Wenckebach and Winterberg, a portion of the venlric- 
xilar muscle responded to the iiaroxysmal center and a portion to stimuli 
that descended from the auricles, or when the paroxysmal rhythm xvas 
temporarily interrupted by a more rapid rhythm of siqn-avmitrieular 
origin (Fig. 3). If the paroxysmal rhythm xvas indeed a circus rhythm 
one must a.ssume that the interfering stimuli did not ]>enetrale to the 
ring of muscle traversed by the re-entrant wave. This assumption places 
serious limitations upon the si.e of this ring and involves further as- 

*'"15 ' “t I'olraotorj' iieriocl ot tlic mnsclc of wliich it tvis 
mode „p. T,Mic!n the eetopic rhythm was interrupted temporarily, 11, o 
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interfering stimuli did apparently penetrate to the ectopic center, for 
measurement shows that the periods of interruption are not uniformlv 
exact multiples of the length of the paroxysmal cycle, and consecjnently 
that the abnormal rhythm was not merely submerged but was brought 
temporarily to an end and was reestablished when the interfering rlij-tlmi 
terminated. 

We were unable to demonstrate bj’- measurement that the interval 
separating two successive ventricular extrasystoles occurring during 
the period immediately preceding the onset or immediately following 
the termination of a paroxysm was uniformly an exact multiple of the 
paroxysmal cycle length even when the extrasystoles were occurring 
regularly. When two paroxysms were separated by a single beat of 
sinus origin, the interval which separated the last beat of one paroxysm 
from the first beat of the other was not found to be an exact multiple of 
the length of the paroxj^smal cycle. It would appear, therefore, that 
the paroxysmal center did not function continuously throughout the pe- 
riod of abnormal heart action and that the extrasystolic arrhjdhmia oc- 
curring between paroxysms cannot be regarded as due to parasystole 
with exit-block unless it is assumed that the paroxysmal rate was not 
the full rate of the paroxysmal center. 

SUMMARY 

There is a type of paroxysmal ventricular taeliycardia in wdiich the ab- 
normal mechanism is induced by emotion and exertion. The attacks may 
be long, but more often short attacks separated by periods of extra- 
systolic arrhythmia occur in rapid succession. In the majority of the 
cases there is no other evidence of cardiac disease. Patients with this 
disorder are usually seriously incapacitated. Small doses of quinidine 
are often strikingly beneficial but do not always prevent the occurrence 
of attacks. 

In one of the cases studied by the authors a long paroxysm of ventric- 
ular tachycardia was frequently interrupted temporarilj’' by short at- 
tacks of paroxysmal auricular tachycardia. 
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FURTHER OBSERVATIONS ON THE HEART IN OLD AGE 
A POSTMORTEM STUDY OP 381 PATIENTS AGED SEVENTY 

YEARS OR MORE 

Fredrick A. WiLLros, M.D., and Harry L. Smith, M.D. 
Rochester, Minn. 

TN' a previous pubMeation, one of us^ presented a clinical study of the 
-^hearts of 700 aged persons, and brought forth evidence to show that 
most aged persons, even in the presence of heai’t disease, possess hearts 
of unusual quality. The heart that allows life to continue to advanced 
age is an organ of rare integrity. 

Statistical studies have clearly .shown that the greatest mortality from 
heart disease occurs between the fiftieth and the seventieth years of life, 
and it appears that persons who have survived this period are more like- 
ly ultimately to succumb to other diseases, such as carcinoma, pneu- 
monia, or nephritis. It thus seems that nature selectively eliminates the 
"cardiac group” in the prime of life, and the survivors are largely 
destined to continue life with relatively adequate cardiovascular systems, 
awaiting deterioration from other causes. 

THE PRESENT STUDY 

It seemed desirable to augment the previous study by analysis of the 
reeoi'ds of necropsy of aged patients, Avith the idea of obtaining the fol- 
lowing information : quantitatiA-e data on the incidence and degree of 
coronary, aortic, and A-ahmlar sclerosis; comparatiA'e data regarding 
cardiac Aveights AAith reference to hypertension and other factors con- 
cerned Avith cardiac liA’pertrophy, and the incidence of pathological 
changes other than artei'ioselerosi.s. 

Material . — We studied the postmortem records for a period of ten 
years, selecting all patients of scA'enty years of age and older, regardless 
of the cause of death. We obtained 381 cases among 5,751 postmortem 
records, an incidence of 6.6 per cent. The age of the patient AA'as the 
only basis on A\'hieh selection was made. 

In order to sIioaa^ that Ave appreciate the fact that our material may 
differ from that in other localities Ave quote from the preAuous publica- 
tion. “It must be aclmoAAdedged that the results of critical analysis of 
this selected material are not entirely comparable to those that might he 
dertyed from a similar number of eases, of patients of the same ages as 
those selected, taken from the general population or from other limited 
fields of the general population. It must be assumed that the majority 
of aged patients Asdio seek medical adAuce at a clinic which is more or less 
distant from their homes have ailments that may not exist to the same 
degree and extent among patients in other groups.” 

•Prom the Section on Cardiolo&j-, The Mayo Clinic. 
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In order to siin])lify the presentation of statistical data, the 

cases Avere apportioned into age groxrps of five years, with tlic exception 
of those which occurred in the tenth decade of life. Only four ])aticnts 
Avere ninety years of age or older, and these Avere eonsidei-ed in one age 
group. jMor’e than half (59.4 per cent) of the patients Avere hclAveen the 
ages of seventy and seventy-four ycai-s (Table I). The i)u;idencc natu- 
rally diminished as the later age periods AA'ere J-eaehed. Tliere Avei-e sixty 
patients (15.7 per cent) eighty years of age or older. 

Sex . — Tliere awis a marked predominance of males (Table 1), the in- 
cidence being 5 to 1. The high incidence of males Avas in part influ- 
cuced, as in the previous study, by a relatively large number of old men 
suffering from hypert.ropliy of the pro.state gland. 
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Coronary Sclerosis. — Some degree of eoronary sclerosis Avas present in 
all the eases, although great difference in the degree of inA'olA'cmcnt A\'as 
noted. The degree of inA-oIvement Avas gi-adcd from 1 to 4, the former 
indicating little arterial change, Avhcrcas the latter denoted very exten- 
sive and advanced atherosclerosis. It is interesting to note that in ten 
cases (2.6 per cent) changes in the coronai’y arteries Avere .scarcely jicr- 
eeptible (Table II) ; these cases Avere in the first age group, scA'cnty to 
seventy-four years. Prom the averages in Table II, it is apparent that 
the coronary arteries of the majority of aged jiaticnts (276 cases, 72.5 
per cent) reveal moderate to advanced (grades 2 to 4) allioro.selerosis. 
dins is a significant fact, and one that finds very definite application in 
«io consideration of aged patients, not only from tlie standpoint of med- 
ical problems but pavtioulavly wlicn the question ol surgical iiilcrvention 

rZ' 'y-'latiou IJCtween (lie various age groups and the 

<16^,1 ee of coronary sclerosis Avas evident in this study 

Aortic Scferosis.-Pairly definite parallelism between the den-rcc of 

tieX^TahirillVlV^ occurred in this group'of pa- 

tients (lahle III), although rather Avidc variations occurred. Thus. 
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moderate to aclvajiced aortic sclerosis occurred iu 305 eases (80 per cent) 
As hi tlie case of coronary sclerosis, no definite relationship between the 
A^arious age groups and the degree of aortic sclerosis Avas observed. 

Valvnlar Sclcrosis.—Ynrymg degrees of A'alvular sclerosis oeeiirred in 
353 cases (92.7 per cent). As avouM he anticipated, the valves of the 
left side of the heart Avere inA'oh'cd much more frequently than Avere 
those of the right side. The mitral and aortic valves Avere sclerosed to 
A'aiying degrees in 304 cases (86.1 per cent), Avhereas the tricuspid and 
pulmonic A^ah'es u'cre iiiA'olved in only forty-nine cases (13.9 per cent), a 
ratio of 6 to 1. 

Curiously, the frequency of sclerosis of the mitral vah'e (157 cases, 
44.5 per cent) .slightlj* exceeded that of sclerosis of the aortic A^ah'e (147 
cases, 41.6 per cent). I’he degi'cc of sclerosis of the mitral A’^ah'e Avas 
slight (grade 1) in eighty-eight eases (56 per cent) ; moderate (gi'ade 2) 
in sixty-four cases (40.8 per cent), and marked (gi-ade 3 to 4) in only 
five cases (3.2 per cent). The degree of sclerosis of the aortic xalve AA'as 
more marked. The sclerosis A\’as slight (grade 1) in fifty-eight cases 
(39.5 per cent), moderate (grade 2) in .si.xty-seven cases (45.6 per cent), 
and marked (grade 3 to 4) in t.AA'enty-tAvo eases (14.9 per cent). 

7'ho tricuspid A-ah'e AA^as the seal of sclerosis in thirty-tAA'o cases (9.1 
per cent), AA’hereas the pulmonic A'ah’c aa'us inA’olvecl in only seA'enteen 
eases (4.8 per cent). The degree of sclerosis of the tricuspid a^uIat was 
as foIloAA’s: slight inA'olvement (grade 1) nineteen eases (59.4 per cent); 
moderate iuA'oh’ement (grade 2) Iaa'cIa^c eases (37.5 per cent) ; and 
marked involvement (grade 3 to 4) only one ease (3.1 per cent). In the 
pulmonic val\'c, the degree of sclerosis AA^^s slight (grade 1) in nine cases 
(52.9 per cent) ; moderate (grade 2) in scA'en cases (41.2 i5er cent) ; and 
marked (grade 3) in onlj' one case (5.9 per cent). 

No constant correlation betAA'^een the degree of A^alvular sclerosis and 
the A'arious age groups could be determined. 

Associated Cardiac Disease Other Than Arteriosclerosis. — ^lYe Avere in- 
terested in determining the incidence of associated cardiac disease in this 
group of aged patients, particularly to ascertain the frequenc.!^ of lesions 
acquired in the earlier iieriods of life that did not materially interfere 
Avith cardiac function, and, in spite of their presence, permitted the pa- 
tient to liA^e to an adAvaneed age. 

Associated cardiac disease occurred in sixty-one cases (16.4 per cent). 
EAudenee of healed cardiac infarction Avas found in fifteen eases ; elei^en 
of the patients died of heart failure. Acute cardiac infarction Avas ob- 
served in elcAmn eases, death in all instances ensuing soon after the onset 
of the attack. EAudence of old, healed endocarditis Avas found in four- 
teen cases; in one case mitral stenosis Avas Avell marked, and in three 
cases marked aortic stenosis Avith calcification occurred. 

Pericarditis Avas present in tAvehm cases; chronic adherent pericarditis 
Avas found in five, chronic fibrinous pericarditis in three, and acute fibri- 
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DOES pericarditis in four. Acute bacterial endocarditis, an incident in 
generalized sepsis, occurred in five cases. Only llirce cases of sypbilitic 
aortitis ivere observed. In one case, carcinoma bad metastasized to the 
heart. 
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1 

1 

100.0 

0 

0.0 

B 

0.3 

240 to 249 

2 

i 66.7 

1 1 

33.3 

0 

0.0 

0 

0.0 

0 

0.0 

3 

0.8 

Total 

218 

“ 1 

93 


35 


21 


4 


371 

100.0 

Mean blood 
pressure 

117.3 

1 

118.7 

119.8 

125.0 

107.0 


■Percentage more 
than 140 mm. 

1 63.3 

j 

62.3 

62.8 

76.1 

50.0 



Blood Pressure.—Recovds of blood pressure were available for study in 
u 1 cases (97.3 per cent). In numerous eases the average of several 
reLdS. whereas in otliers only single readings were 

In the previous study, in which readings of blood pressure of 700 
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aged patients were investigated, it was determined that 74.5 per cent had 
systolic blood pressure o£ 140 mm. or more, that 40.3 per cent had dias- 
tolic blood pressure of 90 mm. or more, and that 69.6 per cent had pulse 
pressures of 60 mm. or more. The range of the mean pressure, or the 
arithmetic average of the systolic and diastolic pressures, was 109 to 
127.8 mm. These figures indicated a tendency to readings usually seen 
in hjToertension among older patients. 


Table V 

Diastolic Blood Pkessure of 371 Patients Seventy Tears of Age or Older 


BLOOD PRESSUBE, 

MM. OF MEEOUEY 

AGE GROUP, YEARS 

TOTAL 

70 TO 74 

75 TO 79 

80 TO 84 

85 TO 89 

90 TO 99 

TOTAL CASES 

PER CENT 

to 

Pd 

< 

0 

1 

g 

s 

PU 

TOTAL CASES 

PER CENT 

TOTAL CASES 

PER CENT 

TOTAL CASES 

8 

g 

PU 

CASES 

1 ^ 

1 z 

8 

g 

40 to 49 

0 

0.0 

1 

100.0 

0 

0.0 

0 

0.0 

0 

0.0 

1 

0.3 

50 to 59 

5 

45.5 

2 

18.2 

3 

27.2 

1 

9.1 

0 

0.0 

11 

2.9 

60 to 69 

22 

59.5 

7 

18,9 

4 

10.8 

3 

8.1 

1 

2,7 

37 

9.9 

70 to 79 

57 

61.3 

29 

31.2 

4 

4,3 

1 

3 

3.2 

0 . 

0.0 

93 

25.1 

80 to 89 

60 

65.3 

16 

17.4 

10 

10.8 

4 

4.3 

2 

2.2 

92 

24.8 

90 to 99 

37 

50.7 

21 

28.8 

8 

10.9 

6 

8.2 

1 

1 

1.4 

73 

19.7 

100 to 109 

20 

57.1 

11 

31.4 

1 

2.9 

3 

8.6 

0 

0.0 

35 

9.4 

110 to 119 

10 

58.8 

4 

23.5 

3 

17.7 

0 

0.0 

0 

0.0 

17 

4.G 

120 to 129 

6 

75.0 

1 

12.5 

1 

12.5 

0 

0.0 

1 

0 

0.0 

8 

2.2 

130 to 139 

1 

33.3 

1 

33.3 

1 

33.3 

0 

0.0 

0 

0.0 

3 

0.8 

140 to 149 

0 

0.0 

0 

0.0 

! 0 

0,0 

1 

100.0 

0 

0.0 

1 

0.3 

Total 

218 


93 


35 


21 


4 


371 

100.0 

Mean blood 
pressure 

117.3 

118.7 

119.8 

125.0 

107.0 


Percentage more 
than 90 mm. 

33.9 

40.8 

40.0 

47.6 

25.0 



In the present study (Table IV), slightly lower averages were obtain- 
ed, influenced perhaps to some degree by inclusion of patients of a 
younger age group, seventy to seventy-four years. Two hundred thirtj - 
six patients of the 371 (63.6 per cent) had systolic blood pressure of 140 
mm. or more. Of the patients with systolic blood pre.ssure of 140 nun. 
or more, 196 (83 per cent) were found to be between the ages of seventy 
and seventy-nine years, inclusive. Thirty patients (13.2 per cent) ha 
systolic blood pressure of 200 mm. or more. 

The mean blood pressure for the various age gi’oups can be read on 
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m , 1 Tcr V VT No constant corrclalion hetwcen elevation of 

(36.9 nor cent) line! diastolic blood picssiue of . ^ 

diastolic blood pressnre ranged from GO to 120 - o^^rorc o'cciir- 

cent) (Table V). Keadings of pulse prc.ssurc of 60 mm. oi moic occiu 


Tabu: VI 


PuasE Pressure of 371 Patientc Sr.\*EKTY Years or Anr- o:: Oi.nr^ 



ACE OROUr, A'EAR.S 

TO' 

VSh 

BROOD PRESSURE, 

MM. OF MERCURY 

70 TO 74 1 

75 TO 79 j 

80 TO 84 1 

85 TO 89 

00 TO 99 



Ui 

w 

■< 

O 

§ 

o 

pi 

u: 

pH 

s 

w 

< 

o 

^:3 

g 

o 

i 

Pi 

tn 

tn 

L> 

< 

f- 

O 

P. 

e 

C2 

w 

w 

tn 

u 

g 

pi 

S 

o 

1 i 

tn 

u: 

Vi 

•< 

0 

1 

w 

o 

pi 

tn 

{*• 

VJ 

d 

t; 

CJ 

Ph 

10 to 19 

1 

100.0 

0 

1 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

1 

0.3 

20 to 29 

n 

50.0 

1 

25.0 

0 

0.0 

1 

25.0 

0 

0.0 

4 

1.0 

— ‘1 

30 to 39 

12 

60.7 

4 

OO 2 

2 ' 

11.1 i 

! 

0 

0.0 

0 

0.0 

IS 

4.8 

40 to 49 

30 

62.5 

11 

22.9 

4 

8.3 ; 

1 


n 1 

4.2 

48 

12.9 

50 to 59 

45 

58.4 

18 

23.4 

n 

11.7 

4 

WM 

1 

1.3 

/ t 

20.7 

60 to 69 

42 

59.1 

18 

25.4 1 

8 ! 

11.3 i 

1 

3 

4.2 

0 

0.0 

71 

19.4 

70 to 79 

32 

64.0 

13 

20.0 

4 

8.0 

1 j 

2.0 

0 

0.0 

50 

13.4 

SO to 89 

25 

56.8 

10 

22 7 

2 

4.6 

0 

13.6 

1 


44 

11.8 

90 to 99 

18 

75.0 

5 

20.8 

1 ; 

4.2 

0 

0.0 

0 

0.0 

Hi 

C..5 

100 to 109 

■ 

EB 

5 

29.4 

2 

ll.S 

3 

17.0 

0 


m 

4.6 

110 to 119 

O 

15.4 

B 

53.8 

m 

m 

1 

7.7 

0 

0.0 

13 

3.5 

120 to 129 

1 

50.0 

B 

50.0 

0 

0.0 

0 

0.0 

0 

0.0 


0.5 

130 to 139 

■1 

100.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

ll^QH 

0.3 

140 to 149 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

150 to 159 

0 

0.0 

0 

0.0 

0 

0.0 

1 

100.0 

0 

0.0 

■ 

0.3 

Total 

218 


93 


35 


21 


4 


371 

100.0 

Mean blood 













pressure 

117.3 

118.7 

119.8 

1 

25.0 

107.0 



Percentage more 













than 60 mm. 


58.7 


03.4 


57.1 


71.4 

25.0 




red in 223 eases (60.1 per cent). In the majority of the eases (316. 

84_6 per cent) tlie pulse pressure ranged betAveon 40 to 100 mm. (Tabic 


Low blood pressure occurred infrequently. Readings of svstolic blood 
pressure of less than 120 mm. were recorded in only fifty eases (13 4 per 
cent), and readings of diastolic blood pressure below 7o‘mm. were found 
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in forty-nine eases (13.2 per cent). Studies of blood pressure in this 
series of aged patients, like those in the previously reported series, clear- 
ly indicate the tendency for hypertensive readings to occur. 

Weights of the Hearts.— The weights of the hearts in 376 cases (98.5 
per cent) were .suitable for study. 'The normal cardiac weight for the 
individual patient was estimated, utilizing the height-body-weight meth- 
od of Smith. In any ease in -which marked loss of body weight had oc- 

Tabli: TH 


Analysis of Weights of Heaets in 376 Cases 


PEECENTAGE INCEEASE OF AVEIGHT j 
OVEE ESTIAIATED NOEIIAL 

EANGE OF INCEEASE OVEE ESTI- 
MATED NOEMAL, GM. 

CASES 

PIS 

CENT 

0 

0 

108 

28.7 

3 to 9 

8 to 34 

52 

13.8 

10 to 19 

27 to 78 

66 

17.6 

20 to 29 

57 to 185 

5G 

1 

14.9 

30 to 39 

77 to 143 

24 

6.4 

40 to 49 

104 to 188 

23 

6.1 

50 to 59 

96 to 238 

18 

4.8 

60 to 69 

157 to 250 


2.9 

70 to 79 

198 to 331 

10 

2.7 

80 to 89 

251 to 305 

2 

0.5 

90 to 99 

227 to 278 

3 

0.8 

100 to 109 

379 to 384 

2 i 

0.5 

110 to 119 

407 

■ 

0.3 


curred prior to death, as in cachexia of carcinoma, the normal weight for 
that patient was utilized. We are aware that in the presence of marked 
loss of body weight some loss in cardiac weight occurs, and that this loss 
is in no way proportionate to the lo.ss in body weight, but it is impossible 
to ascribe aecui'ate quantitative values to the loss of cardiac weight. 
Thus, some degree of error enters into oui* computations which, howe^ er, 
is probably constant throughout the sex'ies. 

It is interesting to note that 268 aged persons (71.3 per cent) con- 
cerned in this study had varying degrees of cardiac hypertrophy (Table 
Yn). However, if we exclude slight increases in cardiac weight, that 
is, increases of 9 per cent or les.s, we still record 216 eases (5 l 5 per 
cent), or approximately two-thirds of the series. Cardiac hypertiophy 
■was mai’ked in a fourth of the eases; the estimated increase in cardiac 
weight exceeded 50 per cent in forty'-seven cases (12.5 per cent). 

The excess cardiac Aveights Avere all readily explained by the pre.senee 













































179 


WILWUS AND SMITH; IIKAllT IN OLD AGB 


of sucli factors as hyporicnsion, aortic stenosis, adhcrenl. iiericnK i is, 

healed cardiac infarction, and so forth. 

No correlation between cardiac weights and the vanons age groups as 
employed in this study conld be made (Table VIII). Patients with 
marked cardiac hypertrophy were irregularly inier.spcrscd among all age 
groups. Likewise, there were no striking differences in cardiac weights 
of the two sexes. 

Taiu,e VIII 

Wf.igut.s of IlF..\nTs Arconmxo to Aof. Guom-.s 


mr. 

GROUP, 

VF-ARS 

TOTAL 

CASKS 

1 

CARDIAC nyPKRTROPllY 

CASKS 

PF.R 

CF.XT 

pf.kcf.xtaof. 
IXCRCASE OF 
WKIOIIT OVEU KS- 
TIAIATFa) XORMAI. 

UAXOr- OF IX- 
C)tF..\SF. ovr.R 
V.S'riM .VTF.ll 
XORMAL, GM. 

lULMlTS 

OF 

XOUMAL 

WFinilT 

Vn’.CF.XTAGF. 
or H KARTS 
OF XORMAL 
WF-IGHT 

70 to 74 

224 

ICO 

71.4 

3 to 102 

S to 379 

01 

2S.G 

75 to 79 

94 

03 

07.0 

3 to 110 

10 to 407 

:a 

! 

33,0 

SO to 84 i 

34 

28 

1 S2.3 ! 

3 to OS 

12 to 185 

C 

17,7 

83 to 69 

21 ! 

14 

GC.7 ' 

11 to 59 

34 to 205 

7 

33.3 

90 to 99 

3 

1 

: 

100.0 

2S to 70 

7S to 203 i 

! 

0 

0.0 


In 175 eases, the clinical history and examination, as well as neerojisy, 
failed to reveal findings pertinent to the pvodnetion of cardiac hyper- 
trophy. In ciglity-ciglit of iliose cases (50.2 ])cr cent), the actual and 
the estimated cardiac weights were in jierfcct agreement (Table IX). 


Tauix tx 

C.\KDi.\c liVEiGnTS IX Casf.s IX Wnicn No Aitauf.xt C.wsr. fok llvi’F.TtTiiornY Was 

DF.TKUMTxro (IT'i Casf.s) 


PERCEXTAGE INCUFJ^SF. OF AVF.lOllT ] 
OVER ESTIMATED XORMAI, 

RAXOF- OF TVKIfillT OVER ESTI- 
-AIATL'D XOR.MAL, GM. 

CASES 

PF,i: 

CF.XT 

0 

0 

83 j 

50.2 

2 to 9 

S to 34 

33 ; 

IS.S 

10 to 19 

33 to 78 

29 

10.0 

20 to 29 

57 to 97 

17 

0.8 

30 to 39 

70 fo 120 

4 

2.3 

50 to 59 

230 fo 1S3 

4 

2.3 


henrtTr “ (S' 1>“- “I'l.) tlio acUiiil raglils o£ the 

heaits exceeded the estimated iioi-mal from 10 (o 5a per cent. The most 

'■'■"ortroph, in 'these cases e“ 

tL pafentlw'r'T' -Jfeoppeared at. the close of 

patient s ble. There is little doubt that hypertension may spoil- 
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taneously vanish, frequently lea^^ng a hypertrophied heart as a relic of 
its former existence. Tliis study and the former study of Smith do 
not indicate that there is increase in the weight of the heart in old a^e 
except such as occurs in the presence of disease. 

Causes of Death. — Anal3’-sis of the causes of death in this series clearly 
illustrates the character of the material, and indicates that the cases rep- 
resent a tyqaieal gi-oup of aged patients. 

Carcinoma led the death list with ninety -three eases, and pneumonia 
was next with sixty-nine eases. Pyelonephritis occurred in forty-nine 
eases, whereas death fz’om heart disease occurred in forty-eight cases. 
The deaths from cardiac disease Avill he analyzed more fully. 

Uremia and sepsis oeeurred in nineteen cases, respectively ; death due 
to trauma and to pulmonaiy embolism in seventeen eases ; cerebral hem- 
orrhage in thirteen eases ; peritonitis in eleven cases ; arteriosclerosis in 
eight eases ; pernicious anemia in four eases ; Ijmqihatic leucemia in three 
eases ; ulcerative colitis and sarcoma in two eases, respectivety. The fol- 
lowing diseases were represented bj’' one ease each : diabetes mellitns, 
adenomatous goiter mth hj'pertliyroidism, hepatic cirrhosis, ruptured 
thoracic aneurj^sm, intestinal obstruction, Hodgkin’s disease, and tuber- 
culosis. 

In the forty-eight eases in which death was attributable to the heart, 
hypertensive heart disease was present in fourteen cases, cardiac failure 
consequent to healed cardiac infarction in eleven cases, acute cardiac 
infarction in eleven cases, coronaiy sclerosis with angina pectoris in 
seven eases, aortic stenosis in three cases, sy^zhilitic aortitis in one case, 
and chronic adherent pericarditis in one case. 

COMMENT AND SUMMARV 

As in the previous publication^ on the heart of aged persons, this 
study likewise leads to the conclusion that the hearts of persons who live 
to old age, in the majority of eases, are of remarkable quality. This 
finds confirmation in the fact that onlj^ forty-eight patients (12.6 per 
cent) died of heai’t disease. 

This study of the heart comprised 3S1 jjatients ranging in age from 
seventy to ninety-nine years who came to necropsy^. Fifty-nine and 
four-tenths per cent of the patients were between the ages of seventy and 
seventy-four years, whereas 15.7 per cent were eighty years or older. 
The ratio by sexes was five men to one woman. Varying degrees of 
eoronarj’’ selerosis occurred in all cases, but the involvement was moder- 
ate to advanced in 72.5 per cent of them. Likewise, aortic sclerosis was 
a constant finding, but existed in from moderate to marked degree in 80 
per cent of the eases. Selerosis of the valves occurred in 92.7 per cent of 
the eases. Cardiac disease, other than arteriosclerosis, Avas present in 
16.4 per cent of the cases. The readings of blood pimssure in 371 cases 
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indicated a tendency to liypericnsion. TJie ennses of dentil in tliis gronp 
of aged patients were diverse. Only 32.G per cent died of heart disease. 
This clearly shows the suitability of the material for a study of this 
nature. 
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EHEUMATIC HEART DISEASE 
II. Incidence and Distribution of the Age op Death* 

David Davis, M.D., and Soma IYeiss, ]\r.D. 

Boston, Mass. 

'T'HE role of rlieumatie heart disease in the causation of death was 
discussed in a previous communication.^ The absolute frequency 
of rheumatic heart disease vas estimated, and an attempt made to differ- 
entiate betiveen the frequency of death from rlieumatie heart disease, the 
frequency of death in which rheumatic heart disease is a contributing 
factor, and of death in which rheumatic lieart disease is present as a non- 
contributing and incidental finding. 

Two sets of data are essential to a study of the natural history of 
rheumatic heart disease: the age distribution and incidence of (a) the 
first infection, (b) the death of the patients. The determination of 
the occurrence of the first rheumatic infection, particularly of the heart, 
is difficult. The distribution of the age of death, however, can he 
determined aeeui’ately, and this knowledge is pertinent to clinical and 
public health problems. The present discussion is therefore concerned 
with that phase of the subject. 


DISTRIBUTION OF THE AGE OF DEATH IN RHEUMATIC HEART DISEASE 


Fig. 1 shows the age distribution in 161 of the total 164 instances 
of death caused directly by rheumatic heart disease and occurring in 
a series of 5215 consecutive necropsies performed in the Boston City 
Hospital between the years 1905 and 1929, inclusive. But few deaths 
oecux’red in the first decade. The death rate was distributed mainly 
over the seeond to the seventh decades. The largest number of deaths 
occurred in the fourth and fifth decades,- but as many as 37 cases, or 
23 per cent, of the total number of deaths occurred in the sixth and 
seventh decades. In the third decade there was a comparative but 
perhaps not significant decrease. This fact, that not infrequentlj'" rheu- 
matic heart disease may be responsible for death as late as the sixth 
and seventh decades of life, is often not appreciated in clinical medicine. 

The age of death in patients dying from rheumatic heart disease was 
studied in 68 additional cases in which necropsy was not performed. 
The diagnosis in this group of cases was based on clinical and labora- 
tory findings. The patients were observed in the Boston City Hospital 
during the years 1920 to 1929. The distribution of the age of death 
in this group is shown in Fig. 2, and the curve is not significantly 
different from that of the 161 necropsied cases. These 68 eases, how- 
ever, cannot be considered as representative as the necropsy series, for 


•From the Thorndike Memorial Laboramry, Second and Fourth ^ledical Services 
(Harvard), Boston City Hospital and the Department of Medicine, Harvard Medica 
School, Boston, Mass. 
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undoubtedly some cases of deatb from rheumatk Imart 
unrecognized in the absence of postmortem studies. P 

fte two groups combined. The combined group, comprising 229 eases 
is large enough to permit certain general conclusions conceining 
distribution of the age of death in 

Willins== reported the age distribution of death in 160 cases ^'i^ho 
necropsy examination, and Coombs’ in 98 eases with necropsy. 



AGE GROUP 

Fig-. 1. 



Fig. 2. 


Pig. 1 . — Age distribution of ICl deaths caused directly by rheumatic heart dis- 

2. — Age distribution of 08 additional cases of death from rheumatic heart 
disease in which necropsy was not performed. 



AGE GROUP 

Pig. 3. — Age distribution of 101 autopsied cases of death caused directly by rheu- 
matic heart disease and of 08 additional cases of death in which autopsy was not 
performed. 


these anthors apparently did not determine whether or not death in the 
respective groups was directly due to rheiimatie heart disease, their fig- 
ures are not comparable to those of Pig. 3. 


THE AGE OF DEATH IN RHEUMATIC HEART DISEASE COMPLICATED BY 
SUBACUTE BACTERIAL ENDOCARDITIS AND ACUTE 
MALIGNANT ENDOCARDITIS 

A discussion of the incidence of the age distribution of death due to 
rhenmatie heart disease should include those cases which are compli- 
cated by snhaente bacterial endocarditis and acute bacterial endocarditis. 
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These be regarded as complications which ordinarily occur on the 
basis of an old rheumatic infection of the heart. Fig. 4 shows the a^e 
variation in the group of deaths from subacute bacterial endocarditis. 
This group comprises 47 eases, 35 of wdiieh gave morphological or clini- 
cal and morphological evidence of a rheumatic basis. The remaining 
12 cases may also have occurred on a basis of rheumatic heart disease, 
but this was not noted in the postmortem records. In 6 of these cases 


irt 

UJ 



AGE GROUP 


Fig. 4. 



AGE GROUP 
Fig. 5. 


Fig. 4. — Age distribution of 47 deaths caused by subacute bacterial endocarditis. 
Fig. 5. — Age distribution of 18 deaths caused by primary malignant endocarditis. 



AGE GROUP 

Pig. G. Fig. 7. 

Fig. G. — Age distribution of 226 deaths caused by rheumatic heart disease and 
by rheumatic heart disease combined with subacute and ’acute bacterial endocar- 
ditis. 

Fig. 7. — Age distribution of ail 467 cases in which rheumatic heart disease ’was 
present as a contributing or noncontributing factor to death. 

a history of rheumatic pains and fever was obtained. Subacute bac- 
terial endocarditis occurred at all ages from fifteen to seventy-five years. 
A relatively large number of cases (40 out of 47) occurred before the 
age of fifty years. This is somewhat in contrast to the small group of 
eases wdth acute malignant endocarditis (Fig. 5) in which all deaths 
occurred before the age of forty years. 

Fig. 6 represents the age distribution in the group of deaths from 
rheumatic heart disease and rheumatic heart disease combined with 
subacute and acute bacterial endocarditis. Ages were available in 223 
of a total of 282 of these cases. A definite accentuation of the curve 
occurs again betw^een the ages of thirty and forty-nine years. 
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p,, , ., 0 .. the " 

heart disease was present, regaidles . present as a 

Lease caused death direetiy LXS curve is 

rhenmatie lieart disease was the canse of death (Fig. ). 

A COMPARISON OF THE AGE DISTRIBUTION IN CASES WHTH RHEU- 
MATIC HEART DISEASE WITH THAT OP THE ENTIRE NECROPSY 
SERIES OP 5215 CONSECUTIVE CASES 

Fig 8 shows the age distribution, expressed in percentage of the total 
numbers, of the 6060 available eases of tlie 5215 necropsy series. Curves 



Fig. 8. — A, Percentage age distribution of 50C0 consecutive deaths, Boston Citj'- 
Hospital (1905-1929). B, Percentage age distribution of total deaths in urban popu- 
lation of Massachusetts (average for years 1910, 191C, 1922, 1928). C, Percentage age 
distribution of 161 deaths caused directly by rheumatic heart disease. D, Percentage 
age distribution of all deaths (407) in which rheumatic heart disease was present. 


of the age distribution of all cases vdth rheumatic cardiac manifestations 
and aU eases with rheumatic cardiac death are shown on the same chart 
for comparison. Fig. 9 represents the same data expressed in absolute 
numbers. The distribution of the age of death in these 5060 cases taken 
from the Boston City Hospital and the average distribution reported by 
the United States Department of Commerce for the urban population of 
Massachusetts for 1910, 1916, 1922 and 1928, are indicated in Figs. 8 and 
9. Although the two curves are not strictly parallel, there is a fair de- 
pee of simdarity between them. The most outstanding difference is that 
m the hospital population the deaths predominate between the fourth and 
seventh decades and are relatively scarce after the seventh decade as com- 
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p.-irod with tlic urhim population. Tlie i)rohnl))o explanation of this Jif 
foroiu-e lies in the fact that adult and ini.ldle a-cd people with aUmcnfs 
arc likely to enter the hospital for relief, while very old people are in- 
clined to .stay at home until the lime of death. Notwithstanding these 
din’orenee.s in the age <Hslrihution of the population of the Boston City 
Hos[)ilaI and tlie urban population of 3Ias.saehusett.s, it i.s felt that with 
re.s<T vat ions flie ineidenee of rheumatic heart di.sease in the postmortem 
.series ot lln; I5r)stf)n City Hospital i.s roughly af>i)licahle to flic eoinmn- 
nity as a whole. The a]»j>lieaf ion of the age distribution in these 50G0 


cases to the poptdation at large is fin-ther warivuited by a comparison of 
the incidence of a disejise such a.s cancer iJi the neeroij.sy serie.s with that 
reported by public health statisfies for the entire community. The aver- 



I'Ik. a. — .1. Afrc ai.Ktrniiitloii fif .SOtm con.wcnUve do.'itli.'-'. }3o.s-ton City IIo.-;p!t.T.I (IPO. 1 - 
1S20). /!, AKf tlifitrllmtlon of tot:il In iirlian population of MassacUusetfs 

(av.>iYif.'o for y.'ar-s HUP, IPIR, iPt'C, IPe.S). C. Auc tllstrlbuUon of ICl deatlis caused 
(llrocUy by rhouniatlc In-art dl.sfa.si'. J>. Arc dislrlV>ut!on of all deaths (407) in Wlilcn 
rbeuin.-illc boarl disea.so w;i.s pre.sent. 

age incidence of cancer in the ca.scs on wJiich necrop.sy c.xarnination was 
performed was lO.-l jier cent between the years BOfO and 1928.^ The 
average ineidenee of eaneor in the urban population of ^Massachusetts 
was 5. ns per cent in J910, 7.00 per cent in 19.10, 9.12 per cent in 1922, 
and 10.72 per cent in 1928, with an average of S.l2 per cent for the four 
years. The gradual increase in the incidence of cancer is attributed to 
the increasing recognition of the di.sease rather than to its greater inci- 
dence. Honec the figures for the past decade, with an average of be- 
tween 9 and 10 per cent, are comimrablc to tlie average incidence of 
cancer in 10.4 per cent of the pojnilation of the Boston City Hospital. 

A comparative examination of the curves (Fig. 9) reveals that ap- 
proximately 20 per cent of the total neeropsied deaths occurring in the 
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second decade show some earmarks ol! rheumatic heart disease and that 
15 per cent of all deaths in this decade arc caused by rheumatic hcai 

This strikingly high percentage is explained by the relatively small 
number of deaths from various causes in the second decade oi life and 
the high incidence of the rheumatic infection in the lirst and second 
decades. Thus in 114 cases of rheumatic heart deaths (98 with necrop- 
sies and 31 without) with a positive rheumatic history, the first symptoms 
of the infection occurred before the age of twenty-one years in 76 cases 
(68 per cent). A further contributing factor is the fact, that a vast ma- 
jority of patients with a rheumatic infection occurring in the first decade 
survive to be exposed to intereurrent disease or die of rheumatic lieait 
disease in the second decade. As indicated before, Pig. I sliows very 
few rheumatic deaths in the first decade. The progressive decrease in 


the ]icrcentage of deaths due directly to rheumatic heart disease and the 
percentage of deaths associated with any degree of rheumatic heart dis- 
ease is caused mainly by the progressive rise of the incidence of death 
of the hospital population at lai’gc during these decades. Tliere is an 
apparent rise or stagnation in the seventh decades. 


THE PROBABLE DISTRIBUTION 01^ RHEUMATIC HEART DISEASE AND 
RHEUAr.\TIC HEART DEATHS IN BO.STON AND ITS VICINITV 


Since the age distribution curve of the cases auto])sicd in the Boston 
City Hospital is roughly parallel to that of deaths in the population at 
large, the percentage of deaths from rheumatic heart disease in any given 
decade should be approximately the same in Ihcsc two groups. By ap- 
plying the percentages obtained from the Boston City Hospital figures to 
the Autal and mortality statistics for the State of ilassachusctts, one may 
estimate (1) what number of deaths in tlie population at large in any 
given decade may be expected to occur from rheumalic heart disease, and 
(2) what percentage of the total living population for that decade tliese 


probable deaths represent. Table I gives the result of such a calcula- 
tion. The estimated frequency of fatal rheumatic heart disease varied 
between 10 to 100 per 100,000 population in 3910 and 10 to 900 in 1920 in 
various decades. 

The frequency of rheumatic heart disease which contrihutod partially 
to death, and of that which was present only as an accidental, noneon- 
tributing finding at death cannot be estimated for the living population 

,T(L r O'is ‘.'IM of Ciisc Ciltmot Ik nppliccl statis- 

tically from the dead population of the hospital to the living community 
u geneial however, the statistics suggest that these milder types of 
iheumote heart disease must be expeeted to oceur among the liviin. 

“adsTiat" 
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SUAIMARY 

The incidence cand distribution by decades of the age of death of 5060 
consecutive necropsy examinations performed in the Boston City Hos- 
pital have been analyzed. Deaths from rheumatic heart disease in 229 
cases were distributed widely from the second to the fifth decades of life 
inclusive, the largest number of deaths occurring in the fourth or fifth dec- 
ades. Of 47 cases in which subacute bacterial endocarditis was superim- 
posed on an old rheumatic heart disease, 40 cases died before the age of 
fifty years. In all the 19 eases Avith malignant endocarditis superimposed 
on rheumatic heart disease death occurred before the age of forty years. 

It is to be emphasized that as late as the sixth and seventh decades of 
life rheumatic heart disease is frequently present in palients with cardiac 
symptoms and signs. The evidence presented suggests that the age dis- 
tribution of death of the hospital population studied is roughly parallel 
to that of the population at large. An estimate of the expected fre- 
quency of fatal rheumatic heart disease among the liAung population of 
the State of Massachusetts is presented. This estimated frequency of 
the fatal rheumatic heart disease must, however, represent but a small 
portion of the total prevalence of rheumatic heart disease in the living 
population. 
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EXPERIENCES WITH THE DERMATHERM (TYCOS) IN KELA- 
TION TO PERIPHERAL VASCULAR DISEASE. 

II. STUDY OP ABNORMAL CONDITIONS'^ 

Howard C. Eddy, M.D., and Howard P. Taylor, M.D. 

Cleveland, Ohio 

TN A previous paper we attempted to establish the range of normal 
variation in sldn surface temperatures and published studies on 
fifty normal medical students.^ In this paper we shall present the 
results of our work with the dermatherm in the determination of skin 
surface temperatures in individuals suffering from various types of 
peripheral vascular disease. In some instances the cases presented 
were subjected to only a single series of observations to determine 
the nature of the skin tcmijerature changes typical of their vascular 
disturbances. In other eases an attempt Avas made to follow rather 
closely the clinical progress of the ease as correlated with the changes 
in skin temperature. In this studs’-, as in our previous Avork, all de- 
terminations Avere made Avith the Tyeos dermatherm Avhich was de- 
veloped by the Taylor Instrument Company in collaboration Avith Dr. 
W. J. Merle Scott of the University of Rochester Medical School. 

For purposes of study Ave have grouped our cases as f oHoavs : 

I. General disturbances of peripheral circulation. 

a. Aneurysm of abdominal aorta. 

b. Arteriovenous fistula. 

II. Functional disturbances of peripheral circulation. 

a. Eaynaud's disease. 

III. Ill-defined and unclassified disturbances. 

a. Dermatomyositis. 

IV. Diseases of veins. 

a. Varicose ulcer. 

b. Thrombophlebitis. 

V. Diseases of arteries. 

a. Arteriosclerosis, diabetic hand. 

b. Arteriosclerosis, diabetic foot. 

c. Diabetic gangrene. 

d. Thromboangiitis obliterans, two cases. 

Under general disturbances of the peripheral circulation Ave consider 
first a case of aneurysm of the abdominal aorta. 

Case 1. — ^H. B. was a colored male of forty-eight years, who was admitted to the 
hospital through the accident ward udth a complaint of pain in the back and in the 
left costovertebral angle. Two years prior to admission he had had a nephrectomy 
for this same complaint at another hospital. Aneurysm of the aorta was found at 
this operation, and subsequent examination of the kidney showed it to be normal. 

•Prom the Department of Surg-ery, the Lakeside Hospital, Cleveland, Ohio. 
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The patient remained ^vell until three region, 

began to have attacks of sharp pn.n n. tl e back rad at, t ^ 

ir‘-;rr^”= «»•> » 

“rSi “,U .’..-Lr.,. I'. 

.e=™, T.,c eyo. ,c,™.oa iL! 

tab!, rcsi.” .. T,,» „.n„ b r.„b. 



scoliosis and tendenic.ss over fho hmibar spine. There wi.s af)j);irenfl_v no di/Tercnce 
in the blood pressure in the extremities. The rellexes were phvsiologieal. llepe.nted 
urinalyses showed 20 to 30 W.B.C. per bigb power field ; hemoglobin S.o per cent ; 
W.B.C. 11,000; E.B.C. 4,000,000. The blood IVassermann reaction was negative 
on two occasions. Itlieroscopic precipitation test negative. Blood Urea Nitrogen IG.O 
mg. per 100 c.c. and 8 mg. per 100 c.c. Phenolsulphonephlhnlein excretion 5.0 per cent 
in two hours. X-raj' films revealed nothing remark.able in the genitourinnrv tract. 
X-ray films of the spine showed the eleventh and twelfth dorsal and the first and sec- 
ond lumbar vertebrae to be partially destroyed. A pneumoperitoneum revealed a mass 
the size of a grapefruit to the left of the .spine, and extending from the level of the 
transverse process of the ninth dorsal to the lower border of the second lumbar verte- 
bra. Cystoscopy was done and nothing remarkable was found. 

Diagnosis: Aneurysm of the aorta. 

The patient’s hospital course was nnevcntfiil and he was discharged He died at 

home, approximately one month after leaving the hospital, and an autopsy was not 
done. ‘ 



192 


THE AJIERICAN IIEAKT JOURNAL 


Au examination o£ tlie clermatlierm readings in tliis ease reveals 
nothing of note other tlian a more rapid and complete development of 
the vasomotor gradient from the thigh downward in the right Icf^. 
(Fig. 1.) As other pulses wore equal and the patient’s neurological 
symptomatology had been practically contined to the left side, it wmild 
seem that the increased heat in the left foot was the result of pressure 
on the lumbar sympathetic chain giving rise to an effect analogous to 
Horner’s sjnidromc. 

A second case within this classification is a case of arteriovenous 
fistula operated upon by Dr. E. C. Cutler. 



Pig'. 2. — Case 2, arteriovenous Ustula, preoperative. 


Case 2. — D. H. ■»y.ns .a cotorecl male, aged forty-nine years; lie tvas referred to the 
surgical service from the medical sertico tvitli the diagnosis of right femoral arterio- 
venous fistula close to the groin duo to a tvound by buckshot iu 1903. The patient 
had been studied several times ill the hospital for various other complaints. The es- 
sential fact in ■H'hich ^xe are interested is that there vas a loud thrill and bruit over 
a large pulsating aneurysmal dilatation in tho right groiu. This all disappeared 
■with obliteration of the femoral artery above tho pulsation. The pulse rate dropped 
40 points uath obliteration of the pulsation, and tho blood pressure rose about 20 
points. With this there -vr.TS an enlargement of the heai't Avhich also became smaller 
with obliteration of the pulsation. It was thought that this patient had a typical 
traumatic femoral arteriovenous fistula which ■u'as slowly damaging his circulation 
and ■ndiich had ah-eady c.aused cardiac hypertrophy, an increased pulse rate, and 
presumably an increased blood flow -with diminished pressure. On the grounds that 
with increasing ago the circulatory apparatus would probably be more seriously em- 
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barrassed, operation was advised. Dermatberm readings were taken both before 
and after operation. The readings taken before operation showed a well developed 
vasomotor gradient in both upper and lower extremities, but no marked . disparity 
between the tAvo sides of the body and no evidence that the lesion in the right groin 
had appreciably impiured the circulation in the right leg. (Fig. 2.) At operation 
an extremely small arteriovenous communication with three large traumatic aneurys- 
mal sacs in the major femoral vessel was found. The smallness of the arteriovenous 
communication probably explained why the patient had sustained so little cardiac 
damage and why the circulation in the right leg had remained good. The second 
series of readings taken eight days after operation shoAved a marked disparity in 
the temperature of the loAA’er extremities. The right leg was definitely warmer than 
the left, averaging about 2° 0. increase over the left or unaffected side. (Fig, 3.) 



IS-. . Case 2, arteriovenous Hstula, postoperative. 

circulation, uor Sa^e^^n ^rmeTha^ktl improvement of tlie general 

right leg, as the natufal sequel “f a tSaltr V - the 

the course of stripping the adventitia and sympathectomy performed in 

operative repair. ^“^entrtia and defimng the vessels in the course of the 


coloration and pain had increased and the « ^ discoloration The dis- 

admission the child was seen prL to 

g Fa^aATd's disease was where a drAgnosk 

ehdd had been examined at the Elyria cLi^rd 1-f ^^P^'^thectomy be done. 

and given intravenous injections of 
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ty])houl vaccine willi little improvement. From the Elyria Clinic slio was referred to 
Lakeside Hospital for gauslioucctomy. The past history was essentially negative 
except that the child had always boon susceptible to allergic reactions, and had had 
nnmerous attacks of hives. The physical examination showed the patient to be a 
well developed and fairly well nourished white girl of four years, not appearing 
acutely ill. There was an exfoliative dermatitis over the forehead. There was eii- 
largcincnt of the anterior cervical glands on the left side. The distal ends of the 
lingers of both hands were cold and showed discoloration extending slightly proximal 
to the first jihalanx. The finger tips were not tender, but the pads showed oval areas 
whicli were practically lihick and appeared to be gangrenous. The radial arteries 
were readily palpable and tiie pulse was strong. Tlie middle three toes on both feet 
were slightly cold, but showed no discoloration unless the child allowed the feet to 



hang down, when .a slight purplish hue appeared. Tlie dorsalis pedis and posterior 


tibial arteries were palpable in both feet. 

Laboratory findings: Urine negative, "W.B.C. 11,100; heriioglobin SO per cent. 
The child was carefully studied while in the hospital; dermathenu readings were 
made of the extremities, and x-ray plates wore taken which showed no bony changes 
of the hands or feet and no evidence of cervical ribs. The family was advised to al- 


low either gaiiglioiiectomj’ or periarterial sympathectomy to bo clone, but they re- 
fused and the child was discharged on release. Dennatherm readings in this case 
showed an essentially normal development of the vasomotor gradient and no marked 
disparity between the tw’o sides of the body except the left foot which was 1.5° to 
2° colder than the right foot. (Pig. 4.) There was iio apparent clinical difference 


in the severity of the lesions on the two sides. 


Case 4. — A rather unusual case which was diagnosed as dermatomyositis was 
studied. The patient was a wliite female of five years, who was admitted on the 
orthopedic service for the treatment of a contracture and flexion deformity of the 
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right leg. The patient was first seen in the surgical dispensary in December, 1929, 
with a complaint of pain in the right leg of four or five weeks’ duration which had 
come on following a fall. At the time of the injury tlie mother had noticed no signs 
of any serious trouble; Iiowevor, the child complained of pain in tlie thigh and leg. 
The physical examination in the dispensary revealed some induration about the 
right ankle, -with slight limitation of motion at the ankle joint and a ligneous indura- 
tion of the entire popliteal space, with contracture of the ham-string muscles which 
limited complete extension by 15 degrees. In January the patient was admitted to 
the hospital, and at this time the right leg was held in a position of flexion both at 
the hip and at the knee, and the foot also was dorsiflexed. The subcutaneous tissues 
and muscles of the entire right extremity felt extremely indurated and were red- 
dened. The knee was flexed about 20 degrees, and the foot was fixed in plantar 




.s. u. v.ase 4, dermatomyositis. 

«e.xion about 15 degrees beyond a right angle The d- 
ischemic contracture of the lower extLitv A f 
p-ocedure begun to straighten the leg The tr . 

Hospital (convalescent hospital) in lebrLry^loS T" Kainbow 

tuberculosis was discovered. In addition the^sk’ pulmonary 

due to pressure caused by wedging. An attemnt down 

fibrolysm, but no benefit was obtained Ti trouble with 

O-Lped .xc»aSrsS Jl' 7‘”'r P-e-sivairw ' 
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e several small vesicles on 
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the face with a few pustules and areas of crusting. The neck showed no thyroid c-. 
largement. There was no lymphadenopathy. Tlie e.\-treinities and spine were norm-j 
save for the right leg which showed a contracture in the tlex-ed position both .at tho 
hip and at the knee. There was a long band of scar tissue extending from the pojv 
liteal space to the upper part of the buttock with a similar area on tlic lateral sur- 
face of the right leg. The foot felt munimitied; there was a red, indurated crusted 
lesion on the dorsum and the toes were cold and cyanotic. No pulsation of the 
dorsalis pedis or posterior tibial arteries could be obtained. There was no motion 
at the ankle joint, which was fixed in about 30 degrees plantar flexion. The knee 
was fixed in about 90 degrees flexion with a slight range of motion of about o de- 
grees. The right extremity was uniformly smaller than the left. The neurological 
examination was essentially negative, but reflexes could not be demonstrated he- 




Fig-. C. — Case 5, chronic varicose ulcer of left leg. 

c.ause of fixation of the joints by muscle contracture. There was some shortening 
of the right leg but the c.xact amount could not bo determined. 

The dermatherm readings of the two extremities showed an appreciable ditrerenre 
between the two legs. (Fig. 5.) The vasomotor gradient was very well developed, 
the distal portion of both extremities being quite low. There wa.s no increase in 
surface temperature under gas-oxygcn-cthcr, indicating that the impairment of cir- 
culation w.as secondary to a definite anatomical lesion po.ssibly of the nature of a 
perivascular fibrosis rather than depcndont upon vasospasm. 

Di.soases of veins, sucli as varico.sities ivitli ulceration and thrombo- 
phlebitis, were also investigated. 

C.\sr, 5. — G. 13, was a colored female of fifty year.'!, who was .admitted to the hos- 
pital with the complaint of chronic varicose ulcer of the h-ft h-g. Tlic p.aticnt had 
been .admitted twice for the .same complaint within the preceding two .and oiK-hnlf 
vear.s, the ulcer hn%'ing been skin graffw] on both occasions. Tiic leg rem.aine.-. 
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healed until about six months prior to t^iz^ causing considerable 

treatmeBt was without avail, and i swelled daily and she was forced 

disability and discomfort. The pa le.t’s Negative oacept for 

,0 keep oe her fool. The physicid e.vami^'iou ™ J g„Sit on the antero- 

the left leg which had two ,".'7^“ ‘'irli?! a^^ nfarkedly contracted, 

r«;,r™fteme!"d', Z te”der, with edema of the leg above and beiow this 

“”iray plates of the leg showed marked periostitis of the bone beneath the area of 

Ulceration The blood Wassermann examination was negative. 

Hermiherm readings in this case slioived a moderate development of the vase 
mo“™t will Sightly increased local heat about the left foot and ankle. 



Pig. 7. — Case 6, arterial sclerosis with diabetes mellitus. 


(Fig. 6.) These findings are consistent with increased vasodilatation about the in- 
flamed and ulcerated area on the left ankle. 


Case 6. — . S. M. was a white male of sixty-fonr years, who entered the hospital 
with a history of striking the top of the left shoulder ten days previously ; following 
this the left arm became swollen and painful. Three days prior to admission a large 
inflamed area, exquisitely tender, developed on the anterior medial aspect of the left 
upper arm. The patient had known for nine years that he had glycosuria associ- 
ated with polyuria, polydipsia and polyphagia. He had been on a limited diet under 
the care of his family physician for four years. During the past four years he had 
not adhered to any diet and had lost about 100 pounds, twenty pounds of which had 
been lost in the preceding three weeks. 

The physical examination showed a well developed, emaciated white male of sixty- 
our years who appeared acutely HI. The eyes showed a moderate arcus senilis. The 
left side of the neck was swollen, and there was an area of braivny induration ex- 
en mg from the shoulder. There was a prominence over the left shoulder and 
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dorsalis pedis artery was palpable, the right was not. Dermatherm readings in this 
case showed an extremely well marked progressive drop in surface temperature below 
the knees, particularly on the right side. (Fig. 9.) There was a yariation of 12 de- 
grees between the highest and the lowest surface temperatures recorded which far 
exceeds the normal variation. The right leg and foot were two to three degrees 
cooler than the left which also exceeded the normal limits of variation. 

Case 9. — Our other patient, J. G., admitted on the Medical Service August 31, 
1930, was a Hungarian male of fifty-five years. The present illness had begun in 
1918 when he first froze his feet. In 1919 the patient began to have considerable 
pain in his feet and noticed that when he walked on the street his toes and feet be- 
came very painful. The pain was much worse in the winter than in the summer. 

Four weeks prior to his first admission on August 21, 1930, the patient’s left 
great toe became red, swollen and painful. The patient saw a physician who trim- 
med away part of the nail; after this the patient developed an ulcer. There was a 
great deal of pain in the left foot, especially across the dorsum. 

The physical examination at the time of admission showed a well developed, 
slender Hungarian male of fifty-five years. The fundi revealed moderate arterio- 
sclerotic changes. Examination of the heart showed a moderate enlargement of the 
left ventricle with a systolic murmur heard at the apex and over the aortic area. 
The blood pressure was 210/108 mm. X-ray examination showed an increased 
prominence of the aortic knob and a left ventricular hypertrophy. The remainder of 
the physical examination was negative except for the extremities. Both hands and 
feet showed a patchy cyanosis which was not relieved by elevation. The left great 
toe was swollen, reddened, the end ulcerated, the nail missing and the end of the 
bone exposed. There appeared to be a definite line of demarcation as if gangrene 
had formed. The toe was extremely tender. No dorsalis pedis could be felt in 
either foot, but both posterior tibials could be palpated. Pea-sized inguinal glands 
were palpable bilaterally. The reflexes were physiological. 

Laboratory examination: urine negative; hemoglobin 110 per cent; red blood 
cotmt 5,090,000; white blood count 17,000; differential normal; vital capacity 
3800 C.C.; phenolsulphonephthalein excretion 40 per cent. 

For several days following admission the condition of the left great toe remained 
virtually unchanged. On the eighth day intravenous injections of killed typhoid 
bacteria were begun. On the evening of this day the patient began to complain of 
the right leg being numb below the knee. The leg was bloodless, cold and waxlike. 
No pain was felt, but sensation was diminished over the lower leg and foot. The 
impression was that the patient had suffered an arterial thrombosis. A cradle and 
heat were applied and on the following day the leg had resumed its usual appearance. 
The patient first received fifteen million typhoid bacilli; one week later twenty mil- 
lion and four days later twenty-five million. At no time did the patient show ex- 
treme reaction to the injections. X-ray films in the meantime showed a definite 
destructive process in the distal digit of the left great toe; a diagnosis of osteo- 
myelitis was made. Periarterial sjanpathectomy was advised preparatory to ampu- 
tation of the toe in the hope of obtaining viable amputation flaps. The patient 
refused treatment, however, and left the hospital September 13, 1930. 

The patient was readmitted on the Surgical Service October 22, 1930. The 
physical findings were essentially those of the premous admission; both hands and 
feet showed a patchy cyanosis which was not relieved by elevation. The left great 
toe was swollen and reddened; the nail was missing and the phalangeal bone was 
exposed. Just proximal to the nail there was a definite line of demarcation suggest- 
ing gangrene. The left foot felt warmer than the right, but the pulsation of the 
dorsalis pedis artery could not be felt on either side. The urine was loaded with 
red blood cells which cleared completely in one week. The Wassermann reaction was 



201 


eddy and TAYLOR : THE DERMATHERM 

negative. Blood «toa »it,og«n 17.5 mg. Blood .ogor 132. Pho.otalphooepMlmlein 

excretion C5 per cent in two honrs. , j; fnet 

A fluctuant area of suppuration rapidly developed on the dorsum of the left foot 

which was incised on the third day, and approximately one ounce of pus was draine . 
Under treatment with hot sterile dressings and heat lamp the abscess healed rapid J. 
During this period red blood cells were found in the urine. On the eighth day the 
histamine dermal test was done on both legs. The wheal and flare were in general 
more marhed on the right leg and were well marked as low do^vn as the ankles on 

both legs. XI 1 i!i 

A high ligation of the femoral vein and a periarterial sympathectomy of the loft 

femoral artery were then performed under local anesthesia. The condition of the 
left leg became grossly improved and the toe was much improved. Histamine test 




Fig. 10. — Case 9, thromboangiitis obliterans, first admission. 


on the twelfth postoperative day showed a flare in seven minutes which was best at 
ten to twelve minutes. The leg on which the sympathectomy had been performed 
showed the larger flares, and flaring was well established down to the ankle. The 
patient was advised to undergo amputation of the left great toe because of infec- 
tion, but he again refused and was discharged on November 20, 1930. 


The first dermatherm studies made in this case at the time of his 
admission to the Medical Service showed a temperature increase of 0.5 
degree in the foot on the affected side. (Fig. 10.) The base of the 
great toe j^t proximal to the lesion was one degree Centigrade warmer 
han the thigh. The vasomotor gradient was not well established in 
the ofter extremity. On the second admission to the Surgical Service 

TriZ (0 6 wai-mer than 

the nght (0.6 to 1.6 degrees), and the opposite leg showed an increase 
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in temperature of 0.5 to 1.0 degree. (Fig. 11.) On the seventh post- 
operative day this effect on the right left was not observed, and the 
left leg was definitely warmer than the right. (Pig. 12.) On the 
twelfth postoperative day the left leg was stiU definitely warmer than 
the right, but its temperature was lower than at the time of the pre- 
vious detei’mination. During this period the local lesion on the great 
toe had luidergone considerable improvement. (Pig. 13.) On the 
twentieth day the left leg was cooler than the right, but the left foot 
maintained a higher temperature than the right. (Pig. 14.) 

Three features of this study deserve especial attention. The increased 
temperature in Avhat is presumably the more diseased leg coincident 
with the development of infection indicated reflex sympathetic vaso- 
dilatation. Sympathectomy is evidently accompanied by a transient 
effect upon the opposite extremity. Finally the falling temiserature 
of the left leg suggests that the effects of sympathectomy are to be 
only transient and that in refusing operation the patient lost his oppoi'- 
tunity to have an amputation before his circulation regressed to its 
former level. 

DISCUSSION 

Our previous attempt to establish normal skin temperature averages 
for a large number of definite points over the body and extremities 
by studies on fifty normal medical students bj’’ the use of the derma- 
therm (Ty cos) resulted in the determination of an average value of 
32.5° for the body with a reduction of 1 to 2 degrees for the upper 
extremities and 2 to 3 degrees for the lower extremities. The vaso- 
motor gradient is most pronounced in the hands and below the knees. 
The range of temperature variation of 4 to 5 degrees over the body, 
4 to 6 degrees over the hands, and 6 to 8 degrees over the feet suggests 
that no accurate average standard can be set up according to which all 
patients should be arbitrarily judged. Comparative studies on the 
same patient to determine the vasomotor gradient, occlusion index, 
etc., by the use of various means of temporarily or permanently para- 
lyzing the sympathetic supply to the peripheral vessels should prove 
of great value in estimating the relative part played by vaso-occlusion 
and vasospasm in the individual case of .peripheral vascular disease. 
It can be stated that in general there is no skin temperature picture 
which can be considered diagnostic of any given peripheral vascular 
disease. The principal value of the dermatherm studies is prognostic 
rather than diagnostic, and the method will be found mainly useful 
in establishing criteria for the various tj^es of protein shock therapy 
and the operative procedures upon the sympathetic nervous system 
which have been attempted for the relief of peripheral vascular disease. 

REFERENCE 

1. Edd}’, H. C., and Taylor, H. P.: Experiences "With the Dermatherm (Tycos) in 

Relation to Peripheral Vascular Disease. I. Normal Studies, Alt. Heart J. 

6: G83, 1931. 



UNUSUAL DILATATION OF TU]-' IjEI'^T AURICLE^' 

CiiAULES F. Nichols, M.D, and IIkkman W. Ostrum, mX 
Piiir.ADKi.rinA, Pa. 

D ilatation oI one or both auricles to a moderate dei,n-ee is a com- 
mon finding in chronic rheumatic carditis, hut extreme dilatation of 
the left auricle is considci-cd rare. The efreets of the enlargement oi the 
left auricle on the structures of the mediastinum have been known for a 
long time and have been repeatedly dcmonsti-ated. Among the various 
complications that may arise, compression of the left, bronchus, paralysis 
of the left recurrent laryngeal nerve, and compression and displacement 
of the esophagus are the best known. 

Many clinicians and rocntgenologi.sts, liowover, are skeptical of the 
possibility that the left auricle may dilate in a horizontal manner and 
form a part of the right cardiac border; yet the literature contains a 
number of such eases. I. Owen and \V. J. FcntoiP in 1 001 first desm'ibed 
the clinical and pathological features of such extreme enlargement of the 
left auricle to the right. Since then, other eases have been rei>ortcd 
(notably-' *’ ®' *’)• Bordet*' found the left auricle to 

the right, beyond the right auricle, in 5 per cent of a large series of eases 
of mitral stenosis examined by roentgenological motbods. 

During the past year we have Imd the oiijiortunity of studying five 
cases of rheumatic carditis in which dilatation of the left auricle was a 
prominent feature. The findings in the.se eases resemble .so clo.sely all 
the reported features of extreme left auricular enlargement, that we 
haA'c deemed them worthy of presentation. In three of these (Figs. 2, 
4 and 7), the dilatation was so oxtremc that the left auricle formed a 
large part of the right cardiac shadow, while in two others (Figs. 1 and 
6), although it did not reach the same dcgu’ce of dilatation, it produced 
pressure phenomena sufficient to obstruct tlio csojihngus and caused an 
erroneous diagnosis of e.sophagcal neoplasm to lie made. One of the 
latter cases is especially interesting and instructive, .since in overlooking 
the possibility of mitral .stenosis with left auricular dilatation a gas” 
trostomy was performed in another institution to relievo what was be- 
lieved to be an inoperable neoplasm. 

Piom this standpoint the lesion dc.seribed hero appears to be more than 
a mere pathological curiosity, since it serves to illustrate certain dynamic 

principles which .should have a wider appreciation in their relation to 
cardiac pathologjL 

The following five cases will serve to cxoni]ilify the unusual and severe 
lorm of this condition. 

HoTpH. Caraiolo^ and UoontgonoloKy, .rhlla.lolphla General 
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CASE REPORTS 

Case 1. — W. A female of fifty years entered the Philadelphia General Hospital 
in October, 1930, complaining of dyspnea, palpitation, vomiting and inability to 
swallow solid food. The past history was unimportant except for. the occurrence 
of rheumatic fever at the age of thirteen years. Her present illness started two 
years ago with dyspnea and at times slight edema of the ankles. For the past 
two months increasing difiiculty in swallowing food had forced her to enter another 
hospital, where, after an esophageal examination, a diagnosis of malignancy was 
made, and a gastrostomy performed. She was transferred for radium treatment 
to this institution where she died on November 20, 1930, of progressive cardiac fail- 
ure. Examination: A female of slender build, emaciated, dyspneic, with slight 
jaundice and cyanosis. The pulse was completely irregular. The apex was in the 
sixth interspace in the anterior axillary line but no thrill was felt. No murmurs 
were heard. The breath sounds ■were diminished at both bases but no moisture was 



Fig. 1. Fig. 2. 


Fig. 1. — Case 1. Left oblique view showing obstruction in the esophagus at about 
the level of the fourth thoracic vertebra, due to large left auricle compressing the 
esophagus against the spine. 

Fig. 2. — Case 2. Enlarged left auricle extending far to the right, over-riding the 
right auricle and forming the major portion of the right cardiac border. Note eieva- 
tion of the bronchi and great density on right side due to superimposed left auricle. 

present. The liver was enlarged and the spleen could bo easily palpated. There was 
a distinct fluid wave in the abdomen. Electrocardiogram showed auricular fibrilla- 
tion. X-ray Examination: The heart was much enlarged in both directions, the 
tipper left border being broadened, and the pulmonary artery together with the conus 
were unusually prominent. The angle of the bifurcation of the trachea was widened. 
Fluoroscopicall}', the pulsations on the left border of the heart were marked, with 
feeble pulsations on the right. In the right oblique position the retroeardiac space 
was entirely filled by the enlarged left auricle. There was a definite obstruction to 
the flow of barium in the esophagus at the level of the sixth thoracic vertebra 
(Fig. 1). Above the point of obstruction the esophagus was dilated, while below 
it the esophagus was displaced posteriorly and the barium passed in a very narrow 
stream. Autopsy: A jioorly nourished white female, weighing ninety -four pounds. 
The abdomen contained SOO c.c. of yellow fluid, and the liver was enlarged and 
chronic.nlly congested. The spleen was enlarged with a greatly thickened capsule. 



207 


NICHOLS AND OSTRUM : DILATATION OF LICFT AinUCLF. 

«-cro botl, ,lislci..lc.l, l.nl Hf Ibf. ''»» t"'’™ “ "K''' ‘ 

C\sE "—A. W. A nifilo of thirty-three years entered the riiil.ndelphia Gcnernl 
nospitat on Fcl>ruaiy 10 , 1031 , eon.plaininp of reeurrinp eohls, weakness, oougl. am 
L7of weight. He had had a .severe rheu.natie fever at the age of yeans nd 
^^•as well thereafter except for frerptent sore throats until lehrnarj, 
following tonsillectomy ho noticed .some palpitation. Fnaniinadon : ^ 

appearance of chronic illness he scorned quite comfortalde. The import.int finding. 



Fip. 3. — Ca.se 2. Lateral view .showinir left auricle exleinliiii: liaekward anil rlplil 
ventricle In contact wltli steriiuin In front. 

Fig. •). — Case 3. Marked dilatation of the loft auricle e.'ctendiiig to tlie right and 
forming the major portion of the right cardiac border. I.eft ventricle enlarged and a 
prominent conus on the uiiper left liorder. 


in his chest were a diminished expansion at the right base with ati impaired percus- 
sion note over an area corrc.sponding to the right middle lobe in the axilla. Over 
this area the breath sounds were faint. The heart was enonttously enlarged with 
the apex in the sixth interspace at the anterior axillary line. To the right of tlic 
sternum there wtis dullness in the third and fourth interspaces extending an inch 
and a half and merging witli the liver dullness at the inidaxilhiry line. A diastolic 
thrill was felt inside the nipple on the left and .as far ns tlie iiiidstermiin toward 
the right. A loud systolic niurmur was hoard all over the jirccnrdia, luaximuiu 
at the apex and heard well to the right of the stormiin. A .short diastolic murmur 
was heard inside the left nipple. The pulse was coniplclelv irregular. There was 
no cmdence of congestive heart failure. The electrocardiogram .showed auricular 
ibnllation. X-roi/ lixamination; The heart was greatly enlarged hut iiiarkedlv so to 
the right (Fig. 2). The eoiius of the right veutviele was very prominent. The 
shadow to the riglit sliowcd no pulsations and was denser than that on the left side 
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T!if' li'Ni r4;Iit nuri.'!<’ Iw tn il:f inti.-r .oii!'’ of rifrlst Imrder 

of tlio litTiri, Tin' trn<'ln;i5 J« t}i« rh:hi ohii'iuo thr 

r<'troi';ir<ruii' vr.m I'ntsri-ly uhlitf'rafi <1 by tho l'*ft ssni! t}./- }>ar!iiin fiHf'l 

v,;iri ]i(i'it*'rtotly ftjol t<> ri;:itt fl't;,’. -'O' rurthf-r JH'ton: 

Mnrf.cil innirot’ciio'ii* fnllovo-t! rc^t n«»I tl.i-fjsjiy. !{«' w;!*! in 

Mnrvh iiiitl Si'tittr.rt! to ni-Tonvl IIo l-.n-t fontiun'^ to worS; nn<l rfi;r.<'s 

«n(]''r oio'-rv.-itii'ii v.itii foily fli;;!!! rvM'-nr.- #if hrr-nthji : 

Itliciiiiintii- li'-nrt ili*--;!' ’; mitml ^ti-six-isi; cxtri-n!.- flilnt.-iti'in fif !‘ ft nuri!-]-"; r.iirkuJfir 
fihrillntioti, 

r>.— J. I’>, A Votin'; tnstlo r.f ntit-rn.l I’litls'lolplnn (Jnr.-Tft! 

Jlc'ipitnl in .Ttii'.i', liKiO, of «h:U }';sin !.ii {.firt nn-5 in tin 

riftlit rli'-n? nt!£* riorly. At !!•.•» nt;<- of t* n h- •...'i- iH v.ith n ‘•••.-fc ntt,”'*!; of 
ntnfit’ icvt'*, nn'! thU v.;ii fultovcf! tit •'»'Vi'r;iI tnin-ir nt5.'t."}.f. f’l'r tl:‘* ici** To.nr in 
inis t;:nl jnvin rnilintin;; to t!.'- ri;;!vt •‘t-oiiM.-r vitli rot;;;!! ni-.'i ilyrpn'Ts or. 
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it'll litirlrh' to itif rltrlit In on ilo' t>o>irrrloriy. 

Kit:. i. l!!t{>r« ro’lon of tin- Ji-ft nurir!*- tii; Un* r- ophiiirtf’ witti otoSmc- 

tlon ;n itn JotviT iiortion, 

^■xorlion. HxitriinnUon: Ho tv.n.s n woil-tlinvlojH'il youiiK mnn tint .nrutoiy ill. Hit 
Jic.art tv.'it j^rc.TtJy ortlnr^'od tn t'otli ttn* ri;,'iif am] tho h'l't, t!i'’ nftrx licinc in tltc 
pixtli inti'r.‘i[i;H'c o oin. out«i<l<' tlio iiiiiplo, Thoro v.-.n*.' ftotinito iiiip.tirnit'n! to porrus- 
nion to tlsp riplit of tlio ntonniin in tiio soronit, thin] ant] jVurtii intor.tpnctvt, Tiiore 
\v;iH :i FiigUt Imt dotiiiito tiul;;in;; in tin* tltird ami fourtli ripist inti'r5jt.nccs in f!iP 
axilla with a palpaitlo pulvntio;). A tli.nstolic thrill wa.t foU in.'^ido the Jiiiiple. A 
roiipli .vystolic imirinur wa.'t hoanl all over the jtreconli.a nml to the ripht of the 
stcrjiiun. A .«liort. rouph diu.Mlolie tminnur wan loeali.»eil inside the nipple. The 
pulse was completely jrrepul.nr. The liver was Iwroly palp.nMe but no other signs 
of cougosllvc failure were present. The right lower chest .showed markedly dimin- 
ished c.xpauHion with faint breath sound.s. Kleelroe.'irdiograin showoil auricular 
fibrillation. Jironchoscopic J'xaminotion: The, right main .stem broiu’hu.s was almost 
completely closed below the bifurcation, due evidently to e.xtrinsic pre.ssiire. A'-ruy 
Jfzomuiatioii; The heart showed remarkalde enlargement (Pig. -5). There was 
marked density over the rigid, .side of the heart eomjiared with the left, and the 
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DILATATION OF LEFT AURICLE 


rr BS„r.'‘s: r.™, 

:irr :: ei:: :;r r: “SriU. 

“rS.r rest »d digits the p.ih hnd eehgl, improved. It was thought 
by some observers at this time that he had a mediastinal tumor 
pLonged series of x-ray treatments with no obvious change in the size the cl es 
Lss. He has continued to be ambulatory and his fibrillation is easily controll d 
Diagnosis: Eheumatic heart disease; mitral stenosis; extreme dilatation of left 


auricle; auricular fibrillation. 

Case 4.— C. H. A male of forty-seven years entered Philadelphia General Hos- 
pital in February, 1931, complaining of cough, shortness of breath and difficulty with 



Pig. 7. — Case 5. Left ventricular hypertrophy. Left auricle extending far to the 
right and forming the major portion of the right border of the heart. Note promi- 
nence of conus on the upper left border of the heart. 

swallowing. He denied all previous illness, having been well up to five months be- 
fore admission. Examination: There was no evidence of dyspnea or cyanosis while 
the patient was lying comfortably in bed. The pulse was completely irregular. 
There was slight bulging of the precordia with a diffuse palpable impulse. Broad- 
bent’s sign was present. The apex was in the sixth intercostal space at the anterior 
axiUary line, and dullness was present to the right of the sternum in the second 
and third intercostal spaces. There were a rough systolic apical murmur and a 
definite low-pitched rumble in diastole. A rough systolic murmur was heard at the 
aortic area. At the right base posteriorly there was relative dullness, diminished 
breath sounds but no moisture. Electrocardiogram showed auricular fibrillation. 
X-ray Examination: The heart was greatly enlarged in its transverse diameter 
(Pig. 5). In the right oblique position there was definite encroachment on the 
midportion of the retrocardiac space. There was a definite impression in the lower 
portion of the esophagus, and the barium was partially obstructed (Pig. 6) There 
was considerable dilatation above the obstruction, and the esophagus was displaced 
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posteriorly. Subseqiient Course: Under rest and digitalis lie improved, but due to 
definite delay to the barium in the esophagus, which amounted to almost complete 
obstruction at its middle third, he was sent to the Eadium Clinic for treatment of a 
possible malignancy of the esophagus. His condition remained unchanged, although 
under proper digitalization he was able to eat with less difficulty. He continues to 
be ambulator}" but with definite restriction of his activity. Diagnosis: Elieuinatic 
heart disease; mitral stenosis; enlarged left auricle causing esophageal obstruction. 

Case 5. — C. M. A male aged thirty-three years entered the Philadelphia General 
Hospital in February, 1932, complaining of pain in the right cliest, cough, breath- 
lessness and moderate weakness. At the age of eighteen he had a severe pleurisy, 
followed by frequent colds but no rheumatic fever. Examination: Well-developed 
white male who showed no evidence of congestive heart failure. The heart was 
markedly enlarged to both tJie right and the left. The apex was palpable in the 
fifth space at the anterior axilla, mth a diffuse impulse in the third and fourth 
interspaces to the left. Dullness extended to the right of the - sternum beyond the 
nipple line in the fourth interspace. There was a definite palpable systolic pulsation 
in the right axilla in the fourth interspace. There was no thrill but at the apex the 
first sound was sharp and had a presystolic accentuation, followed by a short sys- 
tolic murmur. The lungs were clear except for diminished expansion and suppressed 
breath sounds over the right base posteriorly. The pulse was completely irregular 
and the electrocardiogram showed auricular fibrillation. X-ray Examination: The 
heart was enormously enlarged, reaching nearly to both axillary borders (Fig. 7). 
The pulmonary artery and conus of the right ventricle were very prominent and 
showed marked pulsations fluoroscopically, whereas the right border showed feeble 
pulsations. In the right oblique view the left auricle filled the retrocardiac space, 
and the esophagus was displaced posteriorly and to the right. There was no ob- 
struction to the flow of barium in the esophagus. Subsequent Course: Under rest 
and control of the ventricular rate by digitalis, his improvement was marked. He 
became ambulatory, was allowed up and eventually was discharged with only 
moderate restricted actimty. Diagnosis: Rheumatic heart disease; mitral stenosis; 
extreme dilatation of the left aui'icle; auricular fibrillation. 

DISCUSSION 

Anatomy. The left auricle makes up the posterior and superior parts 
of the heart ; it thus lies directly posterior and is at the same time the 
uppermost chamber of the heart. The tracheal bifurcation lies just 
above it and its left branch normally rests upon it. Directly behind the 
left auricle lies the esophagus, which is in contact with the pericardium 
over it for several centimeters. Since the auricle lies posteriorly, it may 
enlarge either to the right or to the left but more easily to the right. 
When the right ventricle enlarges, the heart is pushed into an abnormal 
position, because it cannot enlarge in a foi'ward direction. There re- 
sults an actual rotation of the entire heart to the left, and this cari'ies 
the left auricle to the right, and it comes to lie somewhat transversely 
across the spinal column. The left auricle can attain a greater dilatation 
than any other chamber of the heai*t. The explanation for this lies in 
its thin walls, the absence of safety valves into the great veins as in the 
right auricle and because it is often being filled bj" both ventricles at once 
when there is mitral disease. In mild degrees of enlargement the auricle 
extends backward beneath the bifurcation of the trachea. When the 
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dilatation increases it fills tlie space bencatli tlie arcli of tlie aorta, ^^ \nch 
passes over and tlien down, behind it, and to its left The left ventnc 
fs in front, often enlarged and not infrequently rotated posteriorly also 
as a result of the right ventricular hjiiertrophy. The left auricle is 
therefore prevented from dilating to the left, since it cannot expanc 
through the arch of the aorta. Being also against the spine behind, it 
enlarges to the right, forward and upward. The right auricle now lies 
. in front of the left, slightly below it, and the right lung if free of ad- 
hesions is easily displaced toward the right axilla. 

Pailwlogy. What is the pathology underlying this remarkable dila- 
tation? It would seem to be due not to any one factor but to a peculiar 
combination of lesions, which damages one portion ol. the myocardium 
far in excess of others, leaving the remaining myocardium relatively 
intact and capable of maintaining an efficient circulation. In neai-ly all 
reported cases, extreme dilatation of the left auricle to the right has 
been associated with mitral stenosis and often vuth some degree of ad- 
herent pericardium. In four of our cases there were present all the 
physical findings of a high grade of mitral stenosis. The fifth case, on 
physical findings, would be classed as a moderate stenosis. That the 
mechanical factor is not the specific influence in the dilatation is easily 
realized when we consider how common mitral stenosis and insufficiency 
are and how rarely extreme dilatation of the left auricle is seen. In 
order for the auricle to dilate to this extreme degree it seems necessary 
for the auricular myocardium to be replaced by a tissue with relatively 
little elasticity. This is no doubt the basis of the pathology. The brunt 
of the rheumatic carditis which attacks these hearts is borne by the 
auricle, while the ventricle remains relatively intact. The rheumatic 
infection acting upon the auricle over a long period of time produces 
a myocarditis ndth gradual replacement by fibrous tissue. It is well 
known that the rheiunatic toxin has a predilection for the walls of small 
blood vessels ; these are often occluded, and, if the process is a gradual 
one, fibrous tissue replaces the auricular myocai’dium without an inter- 
vening stage of necrosis such as occurs with sudden occlusion. If this 
fibrosis is local, it may lead to aneurysmal bulging, as in a case reported 
by Lutembacher^- ; if more diffused, it may lead to extreme dilatation. 
Fibrous tissue possesses only a slight degree of elasticity and when dis- 
tended, tends to remain so. When the normal safeguarding action of the 
muscle is lost, then the heightened auricular tension is allowed full 
sway and the extreme degvee of dilatation discussed here may result. 

Many of the reported cases show pericardial adhesions to the auricular 
wall, but ddatation can hardly be ascribed to the mechanical traction of 
such adhesions. Naturally an adherent pericardium over the auricular 

ditt H underljung fibrosis but would tend more to limit 

atation than to cause it. We have been unable to find a case reported 

heie extreme auncidar dilatation has accompanied chronic pericLditis 
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involving an obliteration of the pericardial sac. Indurative mediastino- 
pericarditis is usuaUj^ associated with cardiac enlargement, but this is 
more liable to affect the right heart than the left. We doubt whether 
great cardiac enlargement is ever due to adliesion alone. The most rea- 
sonable basic explanation of this peculiar dilatation is a replacement 
fibrosis of the auricular wall, as first suggested by Bramwell and 
Duguid.® 

The left ventricle in most of the reported cases is greatly hjiDer- 
trophied and in four of our cases is apparently very large. This is cer- 
tainly of extreme importance, for we believe a forceful left ventricle is 
essential to development of this condition. It acts in two ways. Having 
largelj’' escaped the rheumatic infection, it is capable of maintaining an 
efficient circulation and by its vigorous action causes an increase in intra- 
aurieular tension. It is this auricular tension acting upon a fibrous 
and distensible auricle which bring-s about this peculiar picture. 

That stenosis of the mitral valve is not a necessaiy factor in causing 
left auricular dilatation is shown by the case described by Boeh and 
Keith, where huge dilatation of the auricle occurred, and yet the mitral 
valve was not stenosed but was thickened, producing a high degree of 
incompetency. BmanueP reports two hearts showing marked auricular 
dilatation yet the mitral orifice readily admitted three fingers. If the 
lesion described as replacement fibrosis is present in the auricular wall, 
mitral ineompetency is just as capable of producing left auricular dila- 
tation as stenosis ; probably more so, since iutra-auricular pressure would 
be higher. In fact, PeeT® has reported a case in which dilatation of 
the auricles, sufficient to produce pressure sjuaptoms suggesting a 
mediastinal tumor, arose from a ease of heart-block without valvular 
lesions. Here again intra-aurieular tension would be greatl}’- increased. 

Physical Signs and Syniiotoms. These eases present the usual sjunp- 
toms associated with rheumatic carditis and the phj’^ieal signs diagnostic 
of mitral disease. Special symptoms, however, often ai'ise. Difficulty 
and pain in swallowing may be marked, as in Cases 1 and 4. This diffi- 
culty in swallowing may be extreme and lead to surgical intervention. 
Rosier and Weiss^^ reported a series of cases in which difficulty in swal- 
lowing was a prominent feature. Pain in the chest is another common 
symptom and may be felt in the right axilla, at the base of the right lung 
or under the right breast. Cough is often severe and is caused by pres- 
sure upon the tracheal bifurcation or upon the left main bronchus. 

This condition may entirely escape recognition, and its eai’ly diagnosis 
is only made possible by radioscopie examination. Wlien the left auricle 
has dilated sufficiently to bring it near the right chest wall, then the 
signs will be more suggestive. To the right of the sternum in three of 
otu' cases a variable area of dullness could be mapped out. This dullness 
may extend into the axilla or even to the base of the right lung and 
be interpreted as due to pleural effusion. Over this area of dullness to 
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the right a sj^stolic. murmur is often heard distinctly, and there may he 
felt in some cases a systolic thrill. These signs are obviously due to re- 
gurgitation of blood into the auricle from the powerful left ventricle. 
The dullness of the heart to the right may not extend completely across 
the. front of the chest into the axilla, but the heart dullness may be 
separated from the dull area in the axilla by an area of lung tympany, 
caused by a compression of the lung anteriorly by the enlarging left 
auricle. Again the heart sounds and murmurs may be heard with great 
intensity over the back. The anatomical relations are such that when 
the heart comes in direct contact Avith the vertebral column, the sound 
vibrations transmitted to the bony framework of the thoracic cage may 
account for the extensive area over which the sj^stolie murmur is clearly 
audible. Three of our eases shoived a decreased expansion of the right 
loAver lung which must be the result of both bronchial and lung compres- 
sion. In all of these three cases of great auricular dilatation, fibrillation 
of the auricles was present, and this has been true of most reported cases. 
It does not, hoivever, seem to be a factor in the djmamics of the condition. 
In fact it would be most surprising if the auricles did not fibrillate when 
we consider the underlying pathology. The walls of the auricles, con- 
verted as they are into fibrous tissue, Avould seem incapable of trans- 
mitting a normal auricular impulse n^hich depends upon continuity of 
muscle fibers. Since it takes but a small mass of auricular muscle to 
provide the path of a cii’cus movement, we should expect fibrillation in 
all cases. It is true that the right auricle is often distended in fibrilla- 
tion, but Ave have never seen a ease in Avhich the right auiuele caused a 
palpable pulsation to the right of the sternum or in the axilla. In our 
three eases shoAving the greatest left auricular distention there Avas no 
congestive heart failure present. The greatly hypertrophied left 
ventricle being relatively free from disease is capable of maintaining a 
normal cardiac output and an efficient circulation. 

Exercise Tolerance. One of the most interesting features in many 
of these patients Avith auricular dilatation is the extraordinary amount 
of physical activity of Avhich they are often capable. Three of our pa- 
tients shoAving the most extreme degree of dilatation of the auricle Avere 
able to carry on a fair degTee of physical activity in spite of their 
valvular diseases and fibrillation. The patient in Case 2, whose heart 
is shoAvn in Fig. 2, is still earning his living doing clerical work. In the 
two cases shown in Figs. 4 and 7 the patients are able to Ausit the Cardiac 
Clinic Aveekly. 

The capacity of the normal auricle is considered to be between tAVO 
and, four ounces, yet the capacity of these greatly dilated auricles may 
be as much as thirty or forty ounces. The result of this storage of blood 
apart from the actual mechanical process of distention would be to in- 
crease tremendously the intra-auricular tension. Normally the effective 
pressure in the auricle is considered to be 50 mm. of Avater. Auricular 
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systole ill itself plays but a small part in veiitrieular filling, although 
Straub^® states that it supplies 50 per cent of the volume, while the fig- 
ures of 'Wiggers^® are somewhat lower. The part played by auricular 
systole varies with the length of diastole, but we Imow that hearts niay 
function fairly efficiently without auricular systole. The question of 
this heightened. auricular tension upon ventricular output is important 
in explaining both the absence of congestive failure and the excellent 
circulation shown under these apparent handicaps. Wiggers^® has 
clearly demonstrated that the s.ystolic ventricular discharge inci*eases 
progressively as venous pressure increases, and this no doubt holds for 
these cases. Even with narrowed miti-al orifices the high intra-auricular 
tension will enable the ventricles to become filled during diastole, and 
thus the heart can maintain an efficient output. Obviously each heart 
has a limit bej’-ond which such effects are no longer obtained, the limit of 
adaptability depending upon venous return and the cardiac muscle’s 
condition. Our observation would lead us to believe that as long as the 
cardiac muscle remains efficient, the increased volume of blood con- 
tained in the left auricle is accommodated by the great expansion of its 
walls and that no “back pressure” effects or congestive phenomena 
result in the pulmonary artery or right heart. 

Badioscopic Diagnosis. Eadiology was long ago first applied to the 
diagnosis of cardiac disease, but it is still too infrequently used as part 
of the systematic examination. Properly used it gives as much useful 
information as does electrocardiography. In the diagnosis of auricular 
enlargement, screening of the patient is essential to a correct interpreta- 
tion. 'Wlien the patient faces the screen, the right border of the heart 
shadow is generally formed entirely by the right aui’icle, but under 
pathological conditions, where hypertrophy involves both ventricles, 
the lower part of the border may be formed by the right ventricle. The 
pulsations of the right ventricle arc sjuichronous with the left so that 
the shadow of the right ventricle can be distinguished from the auricle. 
In mitral lesions the left auricle is the first chamber to undergo hyper- 
trophy and dilatation. As the pressure increases in the lesser circula- 
tion the right ventricle becomes enlarged. The right ventricle forming 
as it does the major portion of the anterior surface of the heart, being 
limited by the sternum anteriorly and the diaphragm inferiorly, can- 
not enlarge in a forward direction. As it enlarges, it rotates the whole 
heart and causes the conus and pulmonary artery to be pushed upward 
and to the left, and the left ventricle to be carried po.steriorly. Due to 
the rotation of the heart the knob of the aorta becomes less prominent 
when viewed anteriorly. The left auricle which is always posterior, 
never forming part of the left cardiac silhouette, goes more to the right 
as it enlarges, because it cannot enlarge to the left and anteriorly due to 
the position of the left ventricle, while posteriorly the spine and aorta 
limit its expansion. In the right oblique position it will be seen first 
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encroaching on the midportion- of the retrocardiac siiace, and laterAvheu 
it further enlarges it fills the midportion of this space, the upper and 
lower portions remaining clear. In posterior anterior views the left 
auricle as it goes to the right will first he seen as a denser shadow 
through the less dense right auricle. As it still further enlarges, it over- 
rides the right auricle; only the lower portion of the right border of 
the heart is now formed by the right auricle. With further enlarge- 
ment, the left auricle passes beyond the right auricle, and in the posterior 
anterior view the denser left auricle can be distinguished from the less 
dense right auricle, particularly when the Buckj’’ diaphragm is used. 
That this large shadow to the right is not the right auricle is shown by 
the absence of signs of right auricular distention, such as jugular en- 
largement, pulsating liver, and centrifugal venous pulse. AU of these 
would certainly be present were the right auricle distended to this degree. 

Fluofoscopieally, the right side of the heart shows verj^ little pulsation 
as coDipared with that of the left side. The pressure on the trachea 
which develops in this condition makes the angle between the main 
bronchi more obtuse than normal. The study of the barium filled esoph- 
agus and its relation to the heart, aorta, and particularly the left 
auricle is very interesting and helpful. Displacement of the esophagus 
can be readily demonstrated, being always bacliward and to the right 
in mitral disease. This should be routinelj* studied in such cases, since 
in cardiac enlargement from other causes, the left auricle is rarely in- 
volved., The normal esophagus when viewed from the front inclines 
slightly to the left of the midline from the neck to the fourth thoracic 
vertebra. Here, as the aortic arch passes on its left, the esophagus re- 
gains the midline and bears slightly to the right. Below this, it again 
curves to the left, and in the lower portion it crosses in front of the 
descending aorta, bearing to the left until it enters the diaphragm. The 
patient should be examined during the act of swallowing a thick barium 
paste: this will cling to the walls of the esophagus for several minutes 
and all relations can be studied. The enlarged left auricle presses the 
esophagus backward and to the right; the pulsations of the auricle trans- 
mitted to the barium in the esophagus are striking. Wlien such pulsa- 
tions are present, thej^ are always systolic in time and are obviously 
produced by the regurgitation of blood through the mitral orifice, since 
the greatly dilated auricle in fibrillation is incapable of pulsation. The 
esophagus wiU curve backward along the auricular wall ; there Avill be a 
delaj^ in the passage of the barium paste at the upper level of the auricle, 
and in the first right oblique iiosition the barium will be seen to trickle 
in a tliin stream around the convex auricular border. 

Parkinson and Bedford-® have shown that there may be three distinct 
impressions upon the barium filled esophagus when mewed in the first 
oblique position : first, the aortic impression, or the first curve, pro- 
duced by the aortic arch as it passes backward ; second, the pulmonary 
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artery impression, or tlie middle curve, due to the pressure of the left 
bronehus, right pulmonaiy arterj’-, and the main pulmonary stem; the 
third impression, or the lower curve, produeed by the large left auricle 
when present. In mitral disease, the impression made by the left auricle 
and the pulmonary artery is very marked. 

SUMjMARY 

Five eases showing unusual dilatation of the left auricle have been 
described. In two of these esophageal obstruction was produced — ^in one 
case so pronounced as to lead to gastrostomy. In three of these eases, 
the left auricle extended far to the right and formed a portion of the 
right cardiac border. Early in the disease, x-ray examination is es- 
sential for the correct diagnosis, but in later stages diagnosis may be 
suspected clinically from fairly suggestive physical findings. The sjunp- 
toms, physical findings, pathology, and vascular dynamics of this con- 
dition are reviewed. It is practically always seen in rheumatic hearts, 
with mitral stenosis and auricular fibrillation. The exercise tolerance 
and lack of congestive failure in some of these eases are quite remarkable. 
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SPONTANEOUS RUPTURE OF THE AORTA^ 


H. iVllENBERG, J^r.D. 

EetjIS Island, N. Y. 

S pontaneous rupture of the aorta, exclusive of aneurysm, IS s\l- 
most never diagnosed antemortem; lienee it is seldom met vitli in 
private practice or in the hospital. It is not a groat rarity, hoiyeimr, on 
a busy autopsy table, ivhere it is seen frequently enough to .iustify bear- 
ing such a possibility in mind at the bedside in a differential diagnosis 
in cases simulating coronary thrombosis, angina pectoris, and shock, and 
in cases of sudden death. 

In the autopsy room of Erdheim’s Pathological Institute at. the Citj 
Hospital in Vienna, vhere 2500 to 3000 necropsies arc performed yearly, 
four or five cases of ruptured aorta are seen every year. Ames and 
Toivnsend^ and Oppenheinr state that spontaneous rupture of the aorta 
is met ivith once in five hundred autopsies. It is much more common 
than rupture of the licart; yet one rarely finds a detailed description of 
its etiology, sjnnptomntology, and pathology in a textbook of medicine 
or of heart disease, or even in a textbook of pathology. At best it is 
mentioned and discussed in a paragraph or tivo. Hoivcvcr, the litera- 
ture on the subject is fairly rich, especially of single case reports found 
on postmortem examination, to the astonishment of the clinician. Re- 
cently the subject has been studied carefully from the etiological and 
pathological standpoints by Oppenheim,^ Gsoll,-'' Erdheim,’' and 
Levinson.'’ 


Boestrom,® Paschkis,^ Oppenheim,- Lctterer,® Osier® and many others 
claim that a nonnal aorta under certain conditions can rupture spon- 
taneoufsly. Just how does such a thing take place? What is the modus 
operandi? What is the mechanism of this fatal condition, and what is 
the sequence of events ? 


For some unlcnown reason, owing cither to a sudden strain during 
emotional tension, or as a result of other change in the hemodynamic 
system, the blood pressure in the aorta rises abruptly. If the limit of the 
elasticity of the tube is surpa.s.scd, the wall breaks, and thereby the pres- 
sure is reduced. Non^ if the force that produces the tear in the Avail of 
the vessel is strong enough, or the resistance low enough, all three layers 
of the tube break. The result is instantaneous death. If, however ' the 
torce IS weaker, or the resistance of the outer coats of the wall hi<^hcr 
the ensuing anatomical as well as symptomatic course can be divided 

the preeipitating factor of this doadlv 
vent p roduces a partial rupture or tear in tlie wall; that is, only the 
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intima and media suffer a break. This break takes place in from 75 to 
90 per cent of the cases at the weakest point of the aortic tube, approxi- 
mately 1 to 4 cm. above the valve, as demonstrated mechanically by Op- 
penlieim.- The break is also most commonly on the posterior wall and 
is transverse. Blood now enters between the layei-s of the media and 
adventitia and is propelled further by every systole of the heart and 
recoil of the aorta. This produces a wider and longer sepai’ation of the 
two layers, and this separation advances with the increase of the quantity 
of blood in the newlj'' formed space. A so-called dissecting aneurysm, 
first described by Laennec, is thus formed. According to Aschoffs® this 
is not a true dissecting aneurj’-sm, as it has no second opening into the 
tube. Aschoff prefers to call it an intramural hematoma. As the pres- 
sure rises in this intramural hematoma, an.y additional strain resulting 
from muscular effoi’t, or a physiological response such as a sneeze, cough, 
or even a strain at defecation, may produce a secondary rupture — ^the 
second stage in this most serious event. 

If this secondary rupture is brought about gradually and into the in- 
side of the tube, that is by another opening through the media and 
intima, a true dissecting aneurysm is formed, which, according to 
Boestrom,® Laves, “ and Alfejev,*® may heal. However, in about 90 per 
cent of the cases, the secondary rupture is to the exterior of the tube, 
and in 75 per cent of such instances into the pericardium, with resulting 
instantaneous death. 

Symptomatically, at the time of the primary rupture the individual 
collapses or goes into shock. After recovery from collapse, he gives a 
history of hd^ung been seized by sudden severe pain in the chest and at 
a cori’esponding region in the back, followed bj’ faintness or collapse. 
The patient appears apprehensive, dyspneic, and either cyanotic or 
pale, usually the latter. He complains of pain, shortness of breath, and 
d 3 ^sphagia. On phj’sical examination there is usually a loud prolonged 
sj^stolie murmur at the aortic Amlve and also in the back. There may be 
a thrill at the aortic valve region. X-raj’- examination of the cardiac 
region maj'' show a Avidened arch, ascending or descending aorta. The 
blood pressure is not characteristic. A diagnosis of angina pectoris, 
coronary thrombosis, aortic stenosis, ruptured aneuiysm, or ruptured 
heart is usuallj'' made. 

Under rigid precautions of absolute rest and immobilization it is con- 
ceivable and possible that the secondarj^ rupture in the second stage of 
this event maj’’ take place on the inside of the aorta, Avith resulting heal- 
ing. Indeed, Boestrom® reports 18 healed dissecting aneurysms out of 
178 cases studied ; but, as alreadj' mentioned, in 90 per cent of the cases 
the secondary rupture is to the exterior of the Amssel, that is, through the 
adventitia either into the mediastinum or into the pericardium j or, if 
the primarj’- tear Avas in the abdominal aorta, into the subperitoneal 
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spaces. Sudden deatli may ensue, thereroi-c, ^vlien the palienl, is ap- 
parently on the Avay to improvement. Such a case is here report, cc : 

All Amoric.nn sc.im.-in, .T. R. W., <>KC(1 fifty years, single, 
ton- to the U. S. Marine Hospital, Ellis Island, New York, October S, t.al, .i 
4 p.M. Ilis family history was irrelevant. He had had gonorrhea sever.al times, lO 
last occasion beinp in 1021. He had rheumatism at the afie of thirly-ei>,'ht year.s, 
being ill for n year. He knew of no cardiac complications at that time and was free 
from .symptoms' and in “perfect health" until the day of admission to the hospital. 
Ho wjis a heavy drinker. His chief complaint on admission was pain in the chest 
and back, and weakness. On the day of onset, while walking on the street he felt 
suddenly as if an “electric shock” wont through his body. Everything became 
black before his eyes, and he had to hold on to a wall to avoid falling. After a 
few minutes he came to himself but was dyspneic and weak. Pain in the chest and 
in the back began to be severe. Ho went to the outpatient department of the Public 
Health Service from which he wa.s .sent to the hospital at J-lllis Island, 

Physical examination on admission showed an exceptionally well developed and 
well nourished male of about fifty years, very uncomfortable and dyspneic, and com- 
plaining of pain. He did not appear gravely ill. The jihysical findings were con- 
fined to the chest. The heart was moderately enlarged to jiercussion and there was 
increased supracardiac dullness. A snajipy systolic thrill was felt in the second 
right interspace. Tlic first sound was hardly audible and was followed by a rough, 
long, rumbling murmur which continued less loudly even after the second sound, 
which was acccntmited and smippy. The murmur w:is heard best over the aortic 
valve and also in the back. There were occasional extrasystoles. The jmlscs were 
unequal in volume. There was no deficit. Blood pressure: right loii/TO, left 
140/So mm. The puiiils were equal; there was no trache.al tug. Tenderness along 
the spine from fourth to sixth thoracic vertebrae was elicited. There was slight pal- 
lor of the f.'ice. ^loist rales in both ba.ses of the lungs were heard the next day. The 
liver was barely palpable. There was no edem.'i. The temjierature was 00.0“ to 
100.8°; the pulse rate 00 to 110; respiratory nito 24 to 28. A tentative diagnosis 
of coronary disease with aortic stenosis on a rheumatic b.asis w.as made. The patient 
was given nitroglycerin and sedatives and jmt to bed. 

The next day the pain was slightly le.ss, but the shortness of bre:ith was about 
the same. The urine was negative, .-md the white blond count was nornml. Blood 
for Wassermann reaction was not taken. 

X-ray films of the heart showed the following: Enlargement of the left ventricle, 
dilatation of the arch and descending aorta, giving the appear.-mce of .aortic valvular 
disease with aneurysmal dilatation of the aorta. Both lung bases showed congestion. 
Electrocardiogram of the three conventional le.ads revealed nothing more than high 
voltage, loft axis devi:ition and an inverted 'JV 

On October 10, the jiatient had lc.s.s dyspnea, but his pain was getting worse. His 
blood pressure showed no change; temperature was 100°, pulse rate 100 to 110. 

Pales in both bases of the lungs persisted. Sedatives and nitroglycerin were 
eontimied. 

The next day the patient felt much better. He was sitting up in bed and w:.s dis- 
cussing something ivitli his neighboring patients when he was suddenlv hoard to 
groan and died instantly. 

Autopsy showed the following: Both pleural cavities contain a slight amount of 
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aspect of the aorta 2 cm. above the middle aortic cusp is a transverse tear 3 cm. 
long, with clots of blood on the edges. There is another tear 1 cm. long on the ad- 
ventitial and pericardial surface. This opening leads into the pericardial sac. The 
wall of the aorta down to the diaphragm is split between the media and adventitia; 
the space is filled with clotted blood. The abdominal organs show evidence of passive 
congestion. Macroscopically the aorta is normal in appearance, except for a few 
atheromatous patches in its lower thoracic portion. It is quite elastic. 

Twenty-two serial sections were made of the aorta in the region of the rupture, 
and it was impossible to find anj' pathological changes such as suppurative areas, 
foci of necrosis, or mucoid degeneration to account for the rupture. 

COJIMENT 

This case then showed no reason why the aorta should have sustained 
such an injuiy. This is not surprising when one reviews the literature 
on this subject. More than 200 eases have been reported sinee the mid- 
dle of the eighteenth century. One learns, however, that not all investi- 
gators are agreed as to the pathological findings in such cases. Indeed 
there are now two schools of thouglit with respect to what causes spon- 
taneous rupture of the normal aorta. One group, Gsell,^ Erdheim'* and 
Levinson,® claims that a normal aoi'ta cannot rupture, and demonstrates 
definite pathological changes at the point of rupture. Another larger 
group, Boestrom,® Oppenheim,- Letterer,® Osier,® Paschkis," Kutschera,^ 
Griffiths,’-^ and many others, repeatedly have failed to find any demon- 
strable ehanges, and they explain the rupture on a mechanical basis. 

The early investigators of the nineteenth century insisted that there 
must be some disease in the wall of the aorta even though they could 
demonstrate nothing very definite; they ascribed rupture to minor 
changes such as superficial atheroma and hjTpertrophy of the left 
ventricle. 

Up to 1800, only two eases are recorded in the literature. The first 
case was reported by Nichols^® in 1761. He gave a brief account of a 
case of sudden death due to a ruptured aorta. Nichols found no demon- 
strable changes in the ruptured aortic wall. 

An excellent description of a case of ruptured aorta in a woman of 
twenty-nine years in labor was given by Lynn^® in 1789. He related the 
symptoms in great detail and noted the two stages described above. The 
primary rupture occurred during labor and manifested itself by shock 
and cessation of labor pains. A diagnosis of ruptured heart was made. 
The ehild was delivered with forceps but was dead. The patient, how- 
ever, began to improve later, so much so that the diagnosis of ruptured 
heart previously made was given up on the seventh day following de- 
livery. The second stage of the rupture took place thirteen days after 
delivery with sudden death. Autopsy showed that the aorta had rup- 
tured into the pericardium. The author reported that no specific lesion 
was found in the wall of the aorta, but there was no doubt that there 
must have been some pathological change, as parts of the inner coat 
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stowed aetaal inflinnmatio... A cnretnl stiuly was not 1’^'^ “ 
count of poor light and great haste to rcluru 
Rokitaiislcy'' in 3838 gatherccl eight eases and studied them fiom an 
eti“ and J patho,o”gical standpoint. He staled that he fonnd no 
proof of definite palhology in the wall of the aorta neai the iniitAue, j 
he concluded that a normal aorta could not rnptnrc. Perhaps there was 


some developmental abnormality, he suggested. 

Broca,*® in 1852, reported one ease of spontaneous rupture of the 
aorta of a man of twenty-nine yeans, and reviewed the pathological find- 
ings of 28 other eases. He and Eoldtansky** stressed atheroma of the 
aortic wall and liypertrophy of the heart as cansativc factors in .spon- 


taneous rupture. 

Willhelm Wollncr,’*' hi 1856, called attention to spontaneous rupture 
and its I’olation to general arterial disease. 'Woodward,-'’ in 1875, studied 
spontaneous rupture of tlic aorta and came to the conclusion that rup- 
ture may occur in a normal aorta. Harringlon,-' in 1879, reported a 
case and found no pathological changes. 

However, up to the time of Bocstrom,'* in 3887, the general opinion 
was held tliat a normal aorta cannot rupture, even tliough no one wa.s 
really able to demonstrate any definite le.sion at the site of the tear. 
Boestrom studied primarily dissecting aneurysms. This led him to the 
subject of ruptured aorta, as most of his dissecting aneurysms came from 
that source. From an exhaustive pathological study and a review of 
178 collected cases lie concluded that there was no demonstrable change 
in the wall of the ruptnred vessel and, therefore, set down the rule that 
a normal aorta can rupture spontaneously, and that 75 ))cr cent of the 
secondary ruptures take place in the pericardium. His opinion reigned 
supreme until the third decade of the twentieth century, when further 
studies were begun. 

Ames and Townsend,* in 189 published a ease of spontaneous rup- 
tnre and stated that to tliat date only 300 cases had been reported in all 
literature. Tliey reviewed carefully 50 eases and came to the conclu- 
sion, despite Boestrom ’s opinion to the contrary, that an aorta can rup- 
ture only if it is diseased in one way or another. Tliey added nothing to 

the indefinite pathological picture that had been described va^iieh^nn 
to that time. ° ‘ ‘ 


In the succeeding twenty years, and especially following the war, a 
arge number of cases of spontaneous rupture of the normal aorta ap- 
peared m the literature. More than 100 eases were reported from 1900 
to 1922, and many more since then 
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This stimulated Oppenheim,- in 1918, to do an elaborate piece of work 
on this subject. After an exhaustive study of many serial sections of 
the walls of spontaneous!}’- ruptured aortae, he affirmed Boestrom’s 
original contention that a normal, healthy aorta can rupture without 
rhyme or reason. In a fui'ther laborious and very ingenious piece of 
work he proceeded to investigate the mechanism and hemodynamics of 
this process. He wanted to know how and why the aorta usually rup- 
tures at its ascending portion or at the arch. Following the lead of 
Flockerman,^- in 1898, who showed that increased pressure in the left 
ventricle may cause rupture of the aorta, he proceeded to find the locus 
minoris resistentiae of this vessel. He took normal hearts and aortae 
from human bodies fi’esh from the autopsy table and subjected the vessel 
to a pressure of four atmospheres through a rubber tube inserted into 
the left ventricle. The aortae Avould invariably rupture at the ascend- 
ing portion or at the beginning of the bend to form the arch where usu- 
ally fatal ruptures take place. He also noticed that this portion of the 
tube suffei’ed the greatest burden of stress and strain and, therefore, 
burst at this point when the limits of elasticity had been surpassed. He 
thus concluded that a sudden rise in blood pressure may tax the ascend- 
ing portion of the aorta, which is the locus minoris resisteniia, to such an 
extent that rupture must follow. 

He also cited numerous reported cases of ruptured aortae in aviators 
falling from great heights, inferring that a fall from a great altitude 
produces a sudden and unusual rise in blood pressure which results in 
rupture of the aorta at the above mentioned place. 

However, the aorta continued to be of interest to many pathologists 
and investigators. Numerous reports of various pathological processes 
in the walls of the aortae that did not rupture appeared in the medical 
journals. Thus Pappenheimer and von Glahn,^® Maresh,-'* Chiari,-® 
Eberhardt,^® Koritschoner,^^ and Erdheim-* reported a variety of path- 
ological processes in the media and adventitia of the aorta that could 
easily have caused rupture of the vessel. Pappenlieimer and von Glahn 
reported Aschoff bodies in the media in rheumatic fever eases; Maresh, 
Chiari, and Erdheim described foci of sitppuration in the media; Cel- 
lina^® and Erdheim medionecrosis and mucoid degeneration of the 
media. 

In 1926, GselP studied serial sections of eight cases of spontaneous 
rupture and found medioneei’osis, angiomalacia, and small areas of 
actual suppurative inflammation in the mediae of all his cases. He ad- 
vanced the theory that chronic suppurations or toxic processes in the 
body, such as chronic nephritis, may have a causal relationship to the 
processes in the wall of the aorta. 

In a more recent careful study of the pathology of this subject, Levin- 
son® working in Erdheim ’s Pathological Institute in Vienna, reports 
six eases of spontaneous rupture from mild causes with mierophoto- 
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grapliio evidence of pathology in the media of 
states that fre<,uently the pathological proeesa is so '“'f 
apparently so insignificant as to escape the attention of the most caretui 
investigator unless serial sections are made extending from one extieme 
to the other of the tear. Such careful study necessitates as many as 50 
to 65 sections. He finds that foci of suppurative inflammatioin focal 
necroses, or mucoid degeneration of the media were present at some point 
along the tear in all eases studied. The tear is always larger than the 
pathological process. No definite organism was isolated. 

Inasmueh as many investigators mentioned above have found more 
extensive pathological change in aortic Avails of nonruptured cases, it is 
difficult to assume that an admittedlj’’ slight inflammatory condition oi 
mucoid degeneration should be the AA'hole storj* of the cause of spon- 


taneous rupture. 

Only one contribution Avas made AA'ith respect to symptomatologj’’ and 
physical signs as an aid in diagnosis, and that is by Conto."® He stresses 
sudden pain, cyanosis, a systolic thrill at the aorta and pulmonary Amlve, 
and a systolic murmur at that area as pathognomonic of rupture. In 
his cases, hoAvever, the ruptures took place into the pulmonary artery. 


summary 

A ease is reported of spontaneous rupture of the aorta into the peri- 
cardium in Avhieh careful histological examination failed to reveal con- 
tributory pathological changes. Instances of such spontaneous rupture 
are not extremely rare, but the condition is practically never recognized 
during life. A rcAdcAv of the literature sIioaa's that such ruptures occur 
tAvice as frequently in males as in females ; that age seems not he an im- 
portant factor; that in manj' instances no changes have been found in 
the aortic Avail and that most of such tears take place in the ascending 
aorta and are transverse. Usually the rupture involves at first only the 
intima and the media ; the latter is then separated from the adA’^entitia by 
a dissecting hematoma Avhich ultimately ruptures through the adventitia 
at some distance from the point of the primary tear. Frequently the 
external ruptui’e takes place into the pericardial sac. The symptoms and 
signs are discussed. 

^ After tins paper li.ad been submitted for publication, an important article on 

Spontaneous Rupture of the Aorta” by Klotz and Simpson“ appeared, in Avhich the 
pathological findings of five cases are carefully studied. The authors report nonin- 
flammatory degeneration of the media and elastic fibers in all their five cases. 




A..o„„sms, 
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VAEIATIONS IN POTENCY OF CERTAIN COMMERCIAL 
PREPARATIONS OP DIGITALIS^' 

Robert L. Levy, M.D., Howard G. Bruenn, M.D., akd 
Samuel S. Ellis, M.D. 

New York, N. Y. 

A STUDY was planned requiring the use of a soluble preparation of 
digitalis which could he administered by intramuscular or hypo- 
dermic injection. It seemed desirable, at the start, to determine, by the 
technic of biologic assay, the potency of certain available commercial 
products. The cat method of Hatcher and Brodj’’^ was employed. The 
results of these preliminary determinations were not in agreement with 
the advertised claims of the manufacturers, and the variations in potency 
of two preparations, as well as of different lots of the same product, were 
astonishingly great. The investigation ivas therefore extended to include 
all of the liquid preparations of digitalis, dispensed in ampules, which 
are listed in Neio and Non-Official Remedies, 1931 edition. For compari- 
son, one British product and two specimens of commercial digitalis tinc- 
ture were also tested. In view of the wide use which is made of digitalis 
dispensed in ampules and because of the dependence of the medical pro- 
fession upon these products in times of emergency, the results of our ob- 
servations are here made known. 

THE standardization OF DIGITALIS 

It is only in recent years that standardization of commercial digitalis, 
in this country, has become common practice. In the absence of a satis- 
factory chemical method of assay, the biologic technic has been employed, 
and, for practical puiqioses, has been found adequate. In short, a prepara- 
tion found to be potent by biologic test proA’^es, with rare exceptions, to 
be therapeutically effective. 

The Pharmacopeia of the United States has made official in this coun- 
try the one-hour frog method. But there are products on the market, 
Avhich, according to their labels, have been assayed by the guinea pig 
technic or the cat method ; and more recently potency has been expressed 
by one firm in terms of the international unit. Such lack of uniformity in 
standardization is confusing to the clinician, since the same amounts of 
preparations assayed by different methods have not the same therapeutic 
efficacy, and the practitioner of medicine can hardly be held responsible 
for translating the value of one unit into terms of another. Clearly, it 
is desirable that there should be agreement in this matter. There are 
many who are of the opinion that the eat method of Hatcher is at present 
the best available Avith respect to simplicity, accuracy and cheapness. 

*Proni the Department of Medicine, College of Physicians and Surgeons, Co- 
lumbia University, and the Medical Clinic of the Presbyterian Hospital. 
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The American Heart Association, throngh its Digitalis Committee, has ex- 
pressed its approval of this method by distributing to its coiistitnent cax- 
Lc clinics throughout the United States poivdered digitalis leaf assayed 
by the cat technic and dispensed in tablets containing one cat unit. It 
is of significance also that the digitalis powder which, according to a de- 
cision reached at the Geneva Conference in 1925, shall serve as the inter- 
uational standard, was assayed by the Hatcher cat method, slightly mo i- 

fied by Magnus.- • , . + 

It is now usual for the drug manufacturers to advertise the tact that 

their digitalis products have been standardized. A mere statement to 
this effect, however, is not sufficient ; and it is essential, if accurate dosage 
is to be employed, that the results of assay be expressed in units applicable 
to the particular preparation described.^ Some of the statements made 
in the advertising literature follow e' 

(1) "Digifoline (Ciba) is of sucii potency tbnt eacii cubic centimeter of the con- 
tents of tlie ampules is equivalent to grains (approximate^' 0.1 gram) of digitalis 
leaf standardized by the Pockc method.” “You may confidently choose cacli or all 
forms of Digifoline, Ciba, Doctor, ivith the knowledge that it is a dependahle digitalis 
product.” 

(2) ‘‘Digitan (Merck) — a digitalis preparation of dependable potency, stable in 
composition, accurately assayed and physiologically standardized.” “The liquid 
forms are equivalent, drop for drop, to a fully potent TJ. S. P. tincture of digitalis. 
One c.c. (IG minims) of these liquid forms is equivalent to 1% grains of potent, dried 
digitalis leaves.” 

(3) With regard to Digalen, two different types of advertising must be quoted m 
fairness to the Hoffmann-LaEoche Go. In the summer of 1931, when this work was 
begun, the claims were as follows; “Digalen (Eoche) can be depended upon to give 
prompt action whenever the heart can respond to digitalis. ' ’ No specific mention was 
made of standardization and the circulars suggested that ‘ ' the doctor give enough f or 
effect and in amounts adjusted to individual case requirement. ’ ’ More recently, this 
company has changed its poEcy with regard to digitalis. It is at present stated that: 
“The strength of Digalen in all forms is now declared in terms of cat unit potency.” 

We have selected the cat unit because of the increasing preference for it expressed 
by many cardiologists.” “One ampule, 2 c.e. = l cat unit (cir. 150 frog units).” 

(4) Digitos (Mulford) is standardized by the lethal dose method on guinea, pigs. 
The fatal dose for a 250 gram guinea pig is contained in one c.c. ” “All lots are fully 
and equally active. ” “ The dosage of Digitos is the same as that of a standard tinc- 
ture of digitalis.” 

(5) “Digitalin (Cryst.) (Burroughs Wellcome) 0.0001 gm. (gr. 1/640 approx.) in 
one c.c. (Alcohol 13.5 per cent). A sterilized solution specially prepared for hypo- 
dermic injection.” “Made in England by the Wellcome Foundation Ltd. for Bur- 
roughs Wellcome and Co (D. S. A.) Inc.” 

(6) “Tincture Digitalis (Squibb) D. S. P. X. Pat free, Physiologically tested.” 
ihis means that it has been assayed by the official frog method. 

(7) “Tincture Digitalis (Lederle) is not official D. S. P. strength ” “It is 

b, the eat method of H.lelie,, as modified o„d approeed by the Ipter- 
■ahooal c„a,„e„e ea the Stohdordizatio. of Bi.Iogiea, PtoLets. Its potaly " 
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adjusted to a content of 1.5 cat units per cubic centimeter (15 minims).” “It is some- 
what stronger than TJ. S. P. Tincture.” “It has dependable and uniform activity.” 

To what extent claims foi- dependability, uniformity and potency are 
justified, is apparent from a perusal of Tables I and II. 

ANALYSIS OP RESULTS 

A. Ampule Products. It is obviously difficult to compare in a just 
manner a series of products prepared in various ways and assayed by 
different methods. For purposes of discussion, 100 per cent potency has 
been assumed when the cat unit was equivalent to one cubic centimeter of 
the liquid under examination. This assumption is entirely arbitrary, but 
is based on the fact that one c.c. (15 minims) of U. S. P. tincture, Avhieh 
is the commonly employed clinical unit of dosage in this country, contains 
approximately one eat unit. Three facts are immediately apparent: (1) 
with tivo exceptions to be discussed further, all lots of the various com- 
mercial preparations were below the expected potency, as estimated ac- 
cording to the claims in their advertising literature; (2) there was a wide 
range of aetivit 3 ’^ in preparations manufactured bj’- the various conunercial 
houses; (3) in four instances, different lots of the same product were not 
of uniform potenej’’, in terms of cat units. 

Thus, the percentage potency of Digifoline ranged, in different lots, 
from 23 to 46 ; Digalen from 41 to 72 ; Digitalin from 18 to 19 ; and Digitos 
from 15 to 45. One lot of Digitan was 97 per cent of the estimated stand- 
ard strength ; another lot assaj’^ed onlj’’ 68 per cent, according to the same 
estimated standard. 

The Burroughs Wellcome product merits a word of special comment. 
It is labeled “Digitalin (Crj'st.),” which, according to Merck’s Index,^ is 
S3Tionymous with digitonin, a glucoside which has no physiologic action 
on the heart. The digitalis principle contained in these ampules is clearly 
the crystalline “digitaline” of Nativelle, subsequently called “digitoxin” 
by Schmiedeberg.^" In order to administer one cat unit of this incorrectly 
designated preparation, it is necessaiy to inject more than 5 c.c. of the 
liquid. Assuming that 0.1 mg. of digitoxin were present in one c.c., as 
stated on the box, the cat unit should be 3 c.c. instead of 5 c.c., since the 
cat unit value of the crystalline substance is 0.3 mg.^ Even in terms of 
the manufacturer’s standards, the contents of the ampules are only 
60 per cent potent. 

Specimens of Digalen, in ampules, purchased in 1931, ranged in potene 3 ’’ 
from 41 to 72 per cent of the standard. The newest preparation, said to 
be standardized by the eat method, was 171 per cent of its actual labeled 
potency, in terms of eat units. From the Medical Director of Hoffmann- 

*A letter from Burroughs Wellcome and Co., in reply to an inquiry concerning 
Digitalin (Cryst.) states that "this substance is official in the French Codex and 
corresponds to the German Digitoxin.” "In cases of asystole amenable to digitalis 
an injection is made for four consecutive days. In milder cases of hyposystole, on 
two consecutive days, one c.c. being the injection in each case." 
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Table I 

BIOLOGIC STANDARDIZATION OF COMMERCIAL PREPARATIONS OF DIGITALIS (iN AMPULES) 
BIOLOGIC STANDARD METHOD OF HATCHER AND BRODY 







— 

INJECTION 

CAT 

% OF POTEN- 

CAT NO.* 

preparation 

LOT NO. 

■WEIGHT 

KG. 

DOSE 

C.C. 

timeu 
hr. min. 

UNIT 

c.c. 

CY COMPARED 
TO U. S. P. 
TINCTUREt 

1 

2 

3 

4 

5 

Digifoline (Ciba) 
Digifoline (Ciba) 
Digifoline (Ciba) 
Digifoline (Ciba) 
Digifoline (Ciba) 

0683 

0683 

0683 

0683 

0683 

2.90 

2.95 

4.18 

3.55 

3.25 

5.0 

6.0 
10.0 

8.5 

7.5 

1 

1 

1 

1 

52 

14 

25 

29 

37 

1.72 

2.03 

2.38 

2.39 
2.31 

58.0 

49.2 

42.0 

41.8 

43.3 

6 

Digifoline (Ciba) 

f 0683 
\07983 

3.35 

6.0 

1 

40 

1.79 

55.8 

7 

Digifoline (Ciba) 

0683 

4.12 

10.0 

2 

50 

2.42 

2.15 

41.0 

46.5 

24.0 

Average 

Digifoline (Ciba) 

0683 

4.22 

17.5 



1 

Digifoline (Ciba) • 

07983 

2 

20 

4.15 

2 

Digifoline (Ciba) 

07983 

3.58 

16.5 

4 

4.61 

21.8 

Average 

Digifoline (Ciba) 

07983 


4.0 


38 

4.37 

22.9 

1 

Digitan (Merck) 

30521 

3.65 


1.10 

90.9 

2 

Digitan (Merck) 

30521 

4.20 

3.4 


58 

.81 

123.5 

3 

Digitan (Merck) 

30521 

4.00 

4.0 

1 

09 

1.00 

100.0 

4 

Digitan (Merck) 

30521 

4.10 

3.6 

1 

24 

.88 

114.0 

5 

Digitan (Merck) 

30521 

3.25 

3.6 

1 

30 

1.11 

90.1 

6 

Digitan (Merck) 

30521 

4.25 

5.0 

1 

30 

1.17 

85.5 

7 

Digitan (Merck) 

30521 

3.45 

4.0 

1 

49 

1.16 

86.0 

Average 

Digitan (Merck) 

30521 





1.03 

97.0 

1 

Digitan (Merck) 

32840 

3.22 

4.0 

1 

11 

1.24 

80.0 

2 

Digitan (Merck) 

32840 

3.02 

4.0 

1 

12 

1.33 

75.0 

3 

Digitan (Merck) 

32840 

3.85 

6.0 

1 

37 

1.56 

64.2 

4 

Digitan (Merck) 

32840 

2.95 

5.0 

1 

40 

1.70 

59.0 

Average 

Digitan (Merck) 

32840 





1.46 

68.5 

1 

Digalen (Eoclie)§ 

204169 

2.95 

7.0 

1 

32 

2.37 

42.1 

2 

Digalen (Eoclie)§ 

204169 

2.75 

6.5 

1 

39 

2.36 

42.3 

3 

Digalen (Eocbe)§ 

204169 

3.50 

8.0 

2 


2.29 

43.8 

4 

Digalen (Eoche)§ 

204169 

3.45 

9.0 

2 

12 

2.61 

38.3 

Average 

Digalen (Eocbe) § 

204169 





2.41 

41.6 

1 

Digalen (Eoelie)§ 

311030 

3.43 

5.0 

1 

25 

1.46 

68.6 

1 

Digalen (Eoche)§ 

311130 

3.62 

5.0 

1 

17 

1.38 

72.4 

1 

Digalen (Eocbe) I1 

311191 

2.90 

3.6 


48 

1.17 

171.0 

2 

Digalen (Eocbe) 11 

311191 

3.55 

3.7 

1 

02 

1.05 

190.4 

3 

Digalen (Eocbe) 11 

311191 

3.75 

4.5 

1 

17 

1.23 

162.8 

4 

Digalen (Eocbe) || 

311191 

4.10 

4.5 

1 

28 

1.10 

182.0 

5 

Digalen (Eocbe) ij 

311191 

2.75 

3.5 

1 

30 

1.28 

156 2 

Average 

Digalen (Eocbe) jj 

311191 





1.17 

170.9 


Digitalin 






1 

(Burroughs-WeEcome) 

15004 

3.05 

15.0 


57 

4.92 

20.3 


Digitalin 





2 

( Burr ougbs-W ellcome) 
Digitalin 

(Burrougbs-Wellcome) 

Digitalin 

15004 

4.40 

23.0 


59 

5.23 

19.1 

3 

15004 

3.70 

19.5 

1 

02 

5.27 

19.0 

4 

(Burrougbs-Wellcome) 

Digitalin 

15004 

4.10 

21.5 

1 

08 

5.24 

19.0 

5 

( Burr oughs-W eUcome) 
Digitalin 

15004 

3.22 


2 

44 

6.52 

15.3 

Average 

1 (Burrougbs-WeUcome) 

15004 





5.44 

18.5 
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Table I (Continued) 


CAT NO.* 

PREPARATION 

LOT NO. 

CAT 

AA'EIGHT 

KG. 

DOSE 

C.C. 

INJECTION 

timeU 

HE. MIN. 

CAT 

UNIT 

C.C. 

% OP POTEN- 
CY COMPARED 
TO U. S. P. 
TINCTUREt 


Digitalin 









1 

(Burroughs-Wellcome) 


32513 

2.5 

12.0 

1 

24 

4.80 

20.4 


Digitalin 









2 

(Burroughs-Wellconie) 


32513 

3.1 

16.5 

1 

32 

5.32 

18.8 


Digitalin 









Average 

(Burroughs-Wellcome) 


32513 





5.06 

19.6 

It 

Digitos (Mulford) 


700965A 

2.45 

4.0 


43 

1;63 

61.3 

2 

Digitos (Mulford) 


70096oA 

3.17 

6.5 

1 

10 

2,05 

48.8 

3 

Digitos (Mulford) 


700965A 

3.13 

6.5 

1 

21 

2.09 

48.2 

4 

Digitos (Mulford) 


700965A 

3.03 

9.0 

2 

IS 

2.97 

33.7 

Ai'eraere 

Digitos (Mulford) 


700965A 





2.19 

45.6 

1 

Digitos (Mulford) 


r 675482A 

3.4 

9.0 

1 

23 

2.65 

37.8 

1 

Digitos (Mulford) 

I 

1 675482A 
[ 659933A 

3.2 

20.7 

2 

22 

6.47 

15.5 


*Adult male cats used. 

tone hundred per cent potency is assumed when one c.c. contains one cat unit. 
This assumption is arbitrary, and is based on the fact that one c.c. of U. S. P. tinc- 
ture contains approximately one cat unit. 

tNot fully grown. 

§Obtained in 1931. No reference to standardization. 

DObtained in 1932. Said to be standardized by the cat method and put up so 
that 2 c.c. equal one cat unit. 

lUt has been shown that the injections may be made over periods varying from 
ten minutes to three or four hours, and the duration of the experiment, within 
these limits, exerts little or no effect upon the ultimate dose required. [Eggleston, 
C., Biological Standardization of the Digitalis Bodies by the Cat Method of Hatcher, 
Am. J. Pharm. 85; 99, 3 913.] 


LaRoclie, lue., it was learned that these standardizations Avere carried out 
in the company’s laboratories in SiAntzerland. Herein may lie one reason 
for A^ariation. It has been shoAAm that guinea pigs reacted differenUy to the 
same brand of neoarsphenamine AA’hen sensitization experiments AA^ere car- 
ried out in Breslau, Zurich and New York, in spite of care in proAuding for 
an identical technic. On the basis of these obserA’^ations, Sulzberger and 
Mayer® point out that diet as Avell as other influences, such as nouliomoge- 
neous races of laboratory animals, must be taken into account in the inter- 
pretation of experimental results in different localities, furthermore, in 
the standardization of digitalis, Macht® found that biologic assaj’s bj^ the 
eat method varied Avith altitude and the state of the weather. 

Quite recently, assays of various commercial preparations of digitalis 
have been carried out in Germany in a manner comparable to our oaa'u.'^ 
In the pharmacological laboratories of the Universities of Heidelberg, 
Leipzig, and Giessen, biologic assays of ampule products, liquid digitalis 
and tablets were made by the Straub-Houghton frog method. The figures 
obtained Aiath the same products in the three laboratories Avere in close 
agreement. All of the preparations examined contained digitalis in 
amounts beloAV the A’^alues ascribed to them by the manufacturers. For 
example, the liquid in an ampule of Digalen AA'as 48 per cent of its sup- 
posed strength ; Digifoline AA'as 25 per cent potent ; and Digipurat, AA’hieh 
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Table II 

Biologic Standardization of Comsiercial Tinctures of Digitalis bt the Cat 
IMethod op Hatcher and Brody 





CAT 


INJECTION 

CAT 

% OF POTEN- 

CATNO.'’ 

^ PREPARATION 

LOT NO. 

WEIGH-i 

r Dosi 

^ TIME 

UNIT 

CY COMPARED 

' 



KG. 

C.C. 

HR. 

MIN. 

C.C. 

TO U. S. P. 
TINCTUREt 


Tincture Digitalis 








1 

(Squibb) t 
Tincture Digitalis 

OK2384 

3.53 

3.0 


51 

0.849 

' 117.7 

2 

( Squibb )t 
Tincture Digitalis 

OK2384 

4.30 

3.75 

1 

15 

0.872 

114.7 

3 

(Squibb) t 
Tincture Digitalis 

OK2384 

3.27 

2.80 

1 

16 

0.857 

116.8 

4 

(Squibb) t 
Tincture Digitalis 

OK2384 

2.95 

2.90 

1 

28 

0.989 

101.0 

5 

6 

(Squibb) t 
Tincture Digitalis 

OK2384 

4.50 

4.75 

2 


1.05 

94.4 

(Squibb) t 
Tincture Digitalis 

OK2384 

3.17 

3.0 

2 

1 

0.946 

105.7 

Average 

(Squibb) t 
Tincture Digitalis 

OK2384 





0.927 

108.4 


1 

(Lederle) || 
Tincture Digitalis 

225H23H 

3.10 

1.50 


44 

0.484 

137.8 

2 

(Lederle) II 
Tincture Digitalis 

225H23H 

2.78 

1.50 


54 

0.539 

123.8 

3 

(Lederle) || 
Tincture Digitalis 

225H23H 

3.10 

1.40 

1 

19 

0.453 

147.2 

4 

(Lederle) 11 
Tincture Digitalis 

225H23H 

3.70 

2.25 

1 

25 

0.608 

109.7 

5 

(Lederle) || ; 

Tincture Digitalis 

225H23H 

4.70 : 

2.50 

1 

30 

0.532 

125.4 

6 

(Lederle) II ‘ 

Tincture Digitalis 

225H23H 

3.95 ; 

2.13 

1 

30 

0.538 

124.0 

Average 

(Lederle) || f 

225H23H 





0.526 


*Adul 

t male cats u.eipri 

— 




128.0 



IS the German preparation of Digitan was 0? ^ • 

potency. Tliese figures for the am nnl a ’t. - i , estimated 

assay values which we have obtained approximate some of the 

marketed in America. Different lots of t] same name 

yde variations in biologic aetWtf TI,! p'™' P«P«-ation also sbowod 
the greatest variation from the Lraoe is 
tious, than would be present in carcfullv n ^ Prepara- 

aets, were fully potent. That of *° *'"= “'PPle Prod- 

-«sar.r sr- 

® per cent,- that 
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of Lederle, said to be standardized by the eat method, was 128 per cent of 
its labeled activity. 

DISCUSSION 

What are the possible causes for such variations in potency? Differ- 
ences in the method of standardization first suggest themselves. Yet it 
is a fact that one cubic centimeter of a preparation properly standardized 
by the frog method is equivalent to one cat unit, as may be seen by refer- 
ring to the i-esults obtained with Squibb ’s tincture (Table II). Further- 
more, variability of different lots of the same product cannot bo accounted 
for on this basis. 

It has been shown that aqueous solutions of ciystalline strophanthin 
(Ouabain), put up and sterilized in soft glass ampules, deteriorate rap- 
idl}^, due to a change in hydrogen-ion concentration toward the alkaline 
side, with resultant decomposition of the glueoside molecule.®’ ® Such 
deterioration can be prevented by employing hard glass ampules and 
using a buffer solution (phosphate mixture of Pn 7.0) as solvent.® 

Accordingly, determinations were made of the h 5 ’'rogen-ion concen- 
tration of the contents of the various ampules containing digitalis (Table 
III). Of the five preparations examined, three were acid in reaction, one 
was sharply alkaline, and the fifth (Digitan, Merck), though slightly alka- 
line, more nearly approached neutrality. It is noteworthy that this latter 
preparation was the most potent of the group. 

To what extent an acid or alkaline reaction may affect the strength of 
aqueous solutions of digitalis, particularly after sterilization by heating 
in a sealed glass container, we have not attempted to determine. After 
a study of the relationship of Ph to the potency of digitalis infusions, 
TainteF® concluded that the hydrolytic cleavage of the glucosides which 
goes on slowly at room temperature and the natural Pn, is accelerated by 
an increase in acidity or aUialinity as well as by a moderate increase in 
temperature. By analogy with the observations on crystalline strophan- 
thin, it is reasonable to infer that changes in Pn may play a role, and 
that a sharply alkaline reaction particularly is to be avoided.’'^ 

In digitalis tinctures neither age, within reasonable limits, nor reaction 
influences materially the stability, although the effect of age on deteriora- 
tion must probably be taken into account with the aqueous solutions.® 

All of the factors necessary for a reliable product are readily con- 
trollable, and the conclusion seems inevitable that the fault lies with the 


*The following: note was received from Dr. Walter A. Jacobs, Member of the 
Rockefeller Institute for Medical Research, after he had reviewed the results of 
our experiments. Dr. Jacobs’ work on the chemistry of the digitalis bodies has 
appeared over a period of years, chiefly In the Journal of Biological Chemistry. “I be- 
lieve that there is no question that the deterioration of digitalis solutions is refer- 
able to the wide variation in Rn which has been found on examination of these 
solutions. We now know that the strophanthin and the digitalis bodies are very 
closely related substances. They possess in common certain chemical groups which 
make them more or less susceptible to acids or alkali. The latter produces definite 
chemical alterations in these substances with consequent pharmacological dete- 
rioration. I am sure that the method of using a buffer, which you found so useful 
In preserving solutions of ouabain, should be similarly applicable to other stro- 
phanthine as well as the digitalis glucosides and extracts.” 
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Table ni 

Hydrogeh-Ion Concentration op CoMiiERciAL Preparations op Digitalis Marketed 

IN Glass Ampules* 

(Each, figure given represents the average of determina- 
. . tions made on the contents of each of three ampules) 


PREPARATION 

Ph 

Digifoline (Ciba) 

5.4 t 

Digalen (Eoche) 

6.4 t 

Digitalia (Burroughs-'Wellcome) 

6.0 t 

Digitos (Mulford) 

8.0 t 

Digitan (Merck) Lot No. 32840 

7.47t 

Digitan (Merck) Lot No. 30521 

7.70t 


•We are indebted to Dr. R. P. Loeb for tliese determinations. 

tColorimetric method. 

tDetermined by quinhydrone electrode. 


cominereial drug houses. A pertinent example is furnished by experience 
with Digalen, manufactured by Hoffmann-LaRoche, Inc. This prepara- 
tion was omitted from Neiu and Non-Official Remedies by the Council on 
Pharmacy and Chemistry of the American Medical Association in 1914, 
because of misleading advertising claims and because of ‘ ‘ quantitative dif- 
ferences in activity to the extent that some specimens examined were more 
than twice as active as others. It is of interest to find that some of the 
figures then published by the Council, expressing the potency of various 
samples of Digalen (liquid) in terms of cat units (c.c. per kg.) are almost 
identical with those given in Table I (Lots 204169, 311030 and 311130). 
The 1914 figures are 1.52, 1.67, 1.73, 1.95, 2.03, 2.39, 2.50, 3.10 and 3.32. 
The newest Digalen liquid, in ampules (Lot 311191), standardized by the 
cat method by the manufacturer, showed in our laboratory a cat unit 
value of 71 per cent greater than its labeled biologic potency. 

The results of our observations appear to indicate lack of adequate care 
on the part of the manufacturing drug firms in the preparation of digi- 
talis products marketed in ampules. A sharp rebuke for misbranding 
the potency of a digitalis tablet was recently administered to one of these 
commercial houses.^- A further lesson is evidently necessary. The sit- 
uation calls for prompt remedial measures.^ 

SUMMARY 

1. Different lots of five commercial preparations of digitalis, marketed 
in ampules, have been biologically assayed by the eat method of Hatcher 
and Brody. 

•Our findings were communicated to the Medical Director of Hoffmarin-LaRoche. 
Inc. In ]May, 1932, after this paper was submitted for publication, a letter was received 
from the Scientific Department of this company stating the following: (1) re-assay by 
the Roche Laboratories in Europe yielded a value which agreed with the original Euro- 
pean assay; (2) the assay value of the ampule product, as determined by an American 
pharmacologist, as well as by the Referee on Digitalis of tlie Council on Pharmacy and 
Chemistry of the American Medical Association, agreed with tliat reported in this paper ; 
(3) on the basis of these observations, the strength of Digalen solution has now 
been adjusted to correspond with the American assay, in terms of cat units; (4) all 
Digalen products sold in America will, in future, be assayed in this country. 
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2. Samples of all of tlie preparations so examined were found to be be- 
low the expected potency, as estimated in terms of a standard U. S. P. 
tincture. One lot of Digitan, however, Avas 97 per cent active. The newest 
preparation of Digalen, standardized by the manufacturer by the cat 
method, Avas 71 per cent stronger than its labeled biologic activity. 

3. In four instances, different lots of the same product shoAA-^ed wide 
A'^ariations in potency. 

4. Such Amriations in the strength of digitalis products marketed in 
ampules appear to indicate lack of adequate care on the part of the manu- 
facturing drug firms in their preparation and labeling. The situation 
calls for prompt remedial measures. 

5. Two specimens of commercial digitalis tincture AA'ere found to be 
fully potent. One sample Avas 28 per cent stronger than its labeled 
activity. 

6. The one-hour frog method of digitalis assaj- , uoaa' official in the U. S. 
Pharmacopeia, has eAddentlj’’ not been found generally satisfactory for 
practical piu’poses, as eAudenced bj’’ the continued use of cat, guinea pig 
and international units. It Avould be helpful both to the practitioners 
of medicine and to the drug manufacturers if a uniform standard AA'ere 
agreed upon and unWersally adopted in this country. 
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tXTUonrcTiox 

'X'HE tadiycardia in cliniwil hypiM-thyroiclisin Avith or Avithout anricu- 
J- lar fibrillation anti in tbc proscnc.o or absonec of confroslivc heart 
failure docs not usually respond to difritnlis ndniinislration by slowin'r 
as well as it does in patients with a normal basal metabolic rate.- In 
view of Ibis, experiments were planned in order to ascertain whether any 
difl'erenee existed in tlie amounts of difritalis ncce,ssnry to cause toxic 
and lethal effects in normal, hyper- and hypothyroid rabbits. 


MKTiion 

A modification of the Hatcher metliod" as used by Levine and Cun- 
ningham'' was employed. The digitalis preparations were injected inira- 
A'cnousl}’, by means of a .small syringe, into the marginal ear A'ein.s of 
rabbits. The closes were divided and given at six-minute intervals. No 
anesthetic was used. It. has hccii found that both the toxic and the lethal 
do.scs of digitalis arc independent of the siiecd of administration of the 
drug in eats when the experiment is conducted within a period of from 
fifteen minnlos to four hour.s* and that tlio effects from digitalis arc lost 
more rapidly in rabbits than in eats.' Experiments of comparatively 
short duration were tlierefore thought advi.salile. For this I'oason the 
size of the doses was adjusted .so that a lethal result would he obtained 
in about thirty to forty minutes in each experiment. The method was 
checked by the n.sc of ciysfallized ouahain (Arnaud) in two experi- 
ments on normal rabbits. The minimal lethal doses found in these two 
normal rabbits agreed closely with those obtained by Ilatcliev,'' Tlicrc- 
after, a proprietary injectable tincture of digitalis (Digalen-TIofi'man 
La Eoebe) w-as used. 


TKCIIXIC 


Elcetroc.iraiogr,nm.s were taken from Ica.ls nppliwt to tlio foroloK ami left 
hmdlcg of the animals. Trncing.s wore inmlc one mimito lioforo each inicction ami 
more ofte n wiien toxic or lethal effects were being apiiroaclied. After f Iie'cxperimont 


Departm™nt’'of llospitnl, Boston, niid the 

Study of ChTOnh^Dfse'ases.*^^'^ *" '"wier a Kmnl from llio Proctor JCmid for the 
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■was completed, the first appearance of ectopic beats in the tracing was taken as the 
earliest indication that the toxic dose had been administered.* Auscultation of the 
heart at frequent intervals often gave an indication that an electrocardiographic 
tracing should be taken bet'ween the usual six-minute intervals. The minimal lethal 
dose -was that amount of the drug -whicli just caused standstill of the heart and death.* 

Twenty-one rabbits were used. Eight were made "hyperthyroid”; of these, six 
received one mg. thyroxin (Squibb) subcutaneously each daj' for three days, and two 
were fed' 0.260 gm. (gr. iv) dessiccated thyroid gland (Armour) daily for three 
weeks. In each instance the basal metabolic rate became definitely elevated and 
ranged from +45 per cent to +90 per cent, averaging +54.6 per cent above the normal 
level. Three of the animals were thyroidectomized and their basal metabolic rates 
determined at frequent intervals until in each case the rate fell to -30 per cent or 
lower. The average basal metabolic rate of this group of hypothyroid rabbits was 
-32.5 per cent. Ten normal rabbits were used as controls. The basal metabolic rate 
of these animals was determined in most cases and was always -within normal limits. 

The oxygen consumption was determined by means of a Benedict portable respira- 
tion apparatus® connected to a water-sealed animal chamber, using an outside elec- 
tric motor blower. Wilson’s soda lime was used for the absorption of carbon dioxide. 
The animals were fasted at least eighteen hours before each test. Successive ten- 
minute periods of measured oxygen consumption were run until three consecutive 
checks were obtained. 

RESULTS 

There Avas a striking lack of difference in the cardiac response of the 
animals in the three groups to the action of digitalis (Table I). The av- 
erage minimal toxic dose A^aried from 196 to 213 mg. per kg. The av- 
erage minimal lethal dose Avas likeAvise almost constant, ranging in the 
three groups from 318 to 324 mg. per kg. The percentage of the minimal 
lethal dose AA'hieh Avas toxic varied from 60.8 per cent to 65.3 per cent. 
This is in agreement Avith the observations of other Avorkers Avho used 
only normal animals.®’ It is evident that the toxic and lethal doses 
of digitalis Avere not altered by the changed metabolism of the hyper- and 
hypoth3’'roid animals. 

Hatcher found that the fatal dose of digitalis in normal rabbits weigh- 
ing 1800 gm. or less to be from 200-250 mg. per kg.® In our experiments 
the average minimal lethal dose in normal rabbits aA'^eraging 1940 gm. in 
Aveight Avas 318 mg. per kg., and the aA'^erage minimal lethal dose in the 
three groups of animals Avas 320 mg. per kg. The Aveights of the ani- 
mals in these groups averaged 2180 gm. A preliminary check of the 


Table I 

The Minimal Toxic and Minimal Lethal Doses of Digitalis in Mg. pee Kg. in 
Normal Htpee- and Hypothyroid Rabbits 


groups 

NO. ANIMALS 

AV. BMR% 

AV. MTD 

mg/kg 

AV. MLD 

mg/kg 

MTD 

% 

MLD 

Normal 

10 

±0 

203 

318 

63.8 

Hyperthyroid 

8 

+54.6 

196 

322 

60.8 

Hypothyroid 

3 

-32.5 

213 

324 

65.3 
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metliod ivilli ouabain bad pddcd results almost exactly similar to tbos 
obtained by Hatelier with ouabain in rabbits. The fact mir nin i 
lethal dose of digitalis ivas higher than that reported by Hatchei - 
due. apparently, to loiver potency of the digitali.s preparation ivhicli n 


In all the rabbits except three the earliest sign of digitalis toxicity 
u'as the appearance of ectopic ventricular boats in tlie electrocardiogram. 
In tu’o of the three exceptions premature auricular beats appeared first; 
in the remaining animal the first electrocardiographic abnormality to ap- 
pear ivas a change in the chai’acter of the QRS complex. This may be 
considered an evidence of digitalis intoxication.'’ The three animals 
mentioned above died of digitalis poisoning ivithout .shoiving curies 
typical of ventricular cxlra.systolcs. 

No constant effect on the character of the T-wavc was observed in 
the animals.®’® There was one imstance of flattening and one of inver- 
sion of the T-wavc, and in another single case the T-wavc became in- 
constant in shape after the toxic dose had been reached. Tlic.se changes 
took place shoi’tly before death. The T-waves remained unaffected in 
the remainder of the cases. 

The commonest cardiac arrhyihmia just prior to death was multiple 
ventricular ectopic beats. There were occasional instances of auricular 
fibrillation, auriciiloventricular dissociation, paroxysmal ventricular 
taehy'cardia and ventricular fibrillation. Electrocardiographic tracings 
in many cases were not continued until final cardiac standstill occurred. 


CONCLUSION 

Hyperthyroidism was produced in eight rabbits, and hypothy’roidism 
in three rabbits. It was found that the minimal toxic and minimal 
lethal doses of digitalis in these two groups were not significantly difi'er- 
ent from those in normal animals. 
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OBSERVATIONS ON ELECTROCARDIOGRAPHY IN HEART 
DISEASE ASSOCIATED WITH PREGNANCY WITH ESPECIAL 
REFERENCE TO AXIS DEVIATION*^' 


P. Benjamin Caru, M.D. 

Worcester, Mass, 

AND 

Robert Sterling Palmer, IM.D. 

Boston, Mass. 

’PHYSICAL examination of the heart during the course of pregnancy 
not infrequently reveals signs ivhich may suggest heart disease to the 
examiner. Tachycardia, systolic murmurs, usually at the base, less often 
at the apex, reduplicated sounds, or thii'd heart sounds and accentuated 
apical first sounds arc found which are sufficient to cause one out of nine 
pregnant women wlien first seen to be referred to the cardiac clinic at 
the Boston Lying-In Hospital for further study. These signs may or 
may not be accompanied by mild dy.spnea on exertion, night starts, palpi- 
tation and sighing respiration, together with a doubtful or even a posi- 
tive rheumatic history. Sometimes symptoms alone are grave enough to 
require special cardiac examination. In such cases, in addition to phys- 
ical examination and x-ray study, one resorts to eleeti’ocardiography, 
especially for the estimation of the axis deviation as an aid in making a 
diagnosis or excluding the possibility of rheumatic valvular heart disease 
or congenital cardiac defect. 

During pregnancy the special and variable condition under which the 
electrocardiographic examination is made results from the influence on 
the height of the diaphragm of the enlarging uterus or from the gradu- 
ally increasing physiological load on the cardiovascular system and the 
organism generally. Jensen and Norgaard’^ studied the axis deidation 
as estimated by the relation between R.-j and S;i in 239 normal pregnant 
women and found a tendenej’’ toward left axis deviation during the first 
months of pregnancy, and in the later months a return toward the right 
deviation. In their opinion this was independent of any change in po- 
sition of the heart. They interpreted their findings as an early left 
ventricular hypertrophy followed by a later compensatory right ventric- 
ular hypertrophy. We have tabulated and averaged the axis deviation of 
193 electrocardiograms on normal patients taken at various times during 
pregnancy and have found, as illustrated by Pig. 1, that the axis shifts 
to the left during the first two trimesters of pregnancy and tends to re- 
turn to the right during the last trimester, the most definite shift to the 
right in our experience occurring between the eighth and ninth months. 
We suspect that this effect late in pregnancy maj’^ be due to the phenom- 

*From the Cardiac Clinic and Laboratory, Boston Lying-In Hospital. 
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nf “Ho-iitpiiiii"” when the nlcrns assumes a somewliat lower posi- 
tion as it commonly does when the head engages during the last 

.'n ,n-imipan.o. A similar offeC, m multi, -arac rcsulta ro 

the more pemlulous ahilomen late in i>rchnaiic,v ulien the ' 

contents tall tonvanl with consequent release ol upward P' as'-'” 
diaphragm. Not infrequently holh normal women and women tu 
organic liearl: disease experience amelioration ot dyspnea at this tune. 
Whether one inlerprcls this shift in the electrical axis of the heart as 



W 


Fip:. 1. — Arrows roprcsoiit tlic nvcraRc electrical axis of the heart dotcnnlned from 
193 electrocardiograms on normal patients at different months ot pregnancy from 
the second through the ninth. The length of the arrow Indicate.^ the month from the 
shortest, second month, to the longest, ninth montli. The distribution of the ca,sos 
and the average angle found were as follows: 


JIONTH OF rni.-ON'ANCT 
n 

3 

4 

5 
G 

7 

8 
9 


xo. or Ki.ncmocAnnioonAMS 
3 
15 
20 
38 
33 
•11 
29 
12 


AVFJlAOn ANTiLi: 

nc 

54 

40 

37 
35 

38 
32 
53 


It appears that the electrical axis tends to .shift toward the left during the first 
two trimesters of pregnancy and to return toward the right during the tliird trimester. 


first a left and then a compen.satory right ventricular hypertrophy ns do 
Jensen and NorgaardJ or as due to changes in position of the heart 
which are mechanical in nature as we are inclined to suspect, it ‘is never- 
theless clear from our findings that there is a definite 2 ^rogrcssivc tend- 
ency toward left axis deviation in the electrocard.iogram from, the second 
to the sixth month, while the axis remains ahout the same in the seventh 
and eighth months, definitely shifting hach to the right in the ninth! 
month. A further shift to the right is commonly, 1 hough not always. 
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noted after parturition. This is shown in Fig. 2, which represents the 
electrical axis in four normal patients at the ninth month and after the 
puerperium. The shift was from tAventy to thirty degrees to the right 
in three eases. There Avas no shift in the fourth ease. 

It is apparent from these considerations that the estimation of axis 
deviation probably Avill not be useful in the study of patients during 
pregnancy unless interpreted in the liglit of these results. This is il- 
lustrated by the electrocardiographic findings in forty-nine cases of 





Pig. 2. — The electrical axis of the heart late in pregnancy and postpartum in four 
patients with normal hearts. The four patients may be summarized as follows : 


PATIENT 

1 

AGE 

25 

PARITY 

ii 

9 th mo. 

ELECTRICAL 

AXIS 

20 

G 

wk. 

postpartum 

electrical 

AXIS 

52 

2 

21 

i 

9 th mo. 

20 

2 

wk. 

postpartum 

5G 

3 

27 

iv 

9 til mo. 

59 

3 

mo. 

postpartum 

85 

4 

23 

ii 

9th mo. 

G2 

2 

mo. 

postpartum 

62 


The shorter arrow represents the angle at the ninth month of pregnancy and the 
longer arrow the angle found postpartum. 


organic heart disease in pregnant women. Only thirteen shoAved abnor- 
mal axis deviation, considering 0 to 90° as the normal range. There 
were twenty-fiA’^e eases of mitral stenosis of rheumatic origin. One 
shoAved right axis, three shoAved left axis deviation, and the remaining 
twenty-one were normal. There Avere nine eases of organic mitral 
regurgitation of rheumatic origin. One showed right axis deviation, 
four shoAved left axis deviation, four had normal axes. There Avere 
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llKAKT DISKASI-^ WITH rillXiXAXC’^ 


tAvclve eases of aortic ro!;ur{iitation. Nine had jiornial axes, lliioo 
showed left, axis deviation. Tliere were three eases dia-zuosod as congenital 
heart disease. One of them showed rijrlit axis deviation. Two had nor- 
mal axes. li is apparent, therefore, that vnlesn a suficinithi tareje num- 
hcr of normal pregnant v'omen conhl hr elect rocanlingraplird each month 
during pregnancy so that the average shift of the heart enuld hr ac- 
curately estimated and the Einthoven triangle rotated in the appropri- 
ate, direction hy an ac.eurate average amount, the use of oj'is deviation as 
Oi’dinarily interprr.tcd for aid in the. daignnsis of vatvular dtseasc or 
congenital defects during pregnancy is likely lo hr unsatisfactory. 

4Yhi]e I’cvicwinp: our findinfrs in regard to axis deviation we lonnd 
twenty-nine, or slightly loss than 31 })er cent of 2154 elect rocardiograins 
showing complete inversion of Tjond HI. In aho\\t half of these eases 
the electrocardiogram was taken in the third trimester of pregnancy. 
The outcome of the pregnancy was good for both mother and hahy in 
twenty-six of the patients on whom the electrocardiograms were taken, 
good for tlic mother while, the hahy was stillhnrn in one. and good for 
the mother in one case Avhile one of twins was stillhorn. and one was 
viable. The outcome was unknown in one imtient delivered hy her 
local doctor. Our conclusion was that this Unding rejn'csented a trans- 
ver.se position of the heart and was not indicative of any organic change. 
This is in agreement with the findings of Bland and AVhile.* 


CON'CmT.SlON.S 

3. Electrocardiographic study for Die estimation of axis deviation as 
an aid in the diagnosis of accpiired valvular disease or congenital defects 
during pregnancy is unrcliahlc since the, axis lends to .shift toward the 
left during the tinst two trimester.s and to return toward the right during 
the third trimester and since accurate average corrections for thi.s shift 
can not now be made. 

2. Serial electrocardiograms throughout pregnancy on a suflieiently 
large numher of normal women arc rerpiircd in order to determine ac- 
curately the variahle liinit.s of axis deviation during i>regunncy. 

3. Inverted Lead III is of no significuuce. prohahly being due* to trans- 
verse position of the heart. 


nKm:ni:xci:.s 





NOTES ON HEAET PAILUEE 
With Eeport of a Case of Pure Left ^Ventricular P^vilure* 

Horace Marshall Korns, M.D. 

Iowa City, Iowa 

TN SPITE of the vast amount of work tJiat has been done on the physi- 
ology of cardiac failure our knowledge of the subject is still largely 
emiiirical, and our drug therapy, satisfactoiy as it is in most instances, 
is none the less A^ery far from being strictly scientific. Bj' drawing upon 
the store of accumulated experience we are enabled to classify oiw eases 
after a fashion and to treat them more or less successfullj’-, but until we 
encounter a refractory ease we do not realize how often ^Ye are saved 
from therapeutic defeat by the fact that our sovereign remedy, the 
foxglove, is applicable to almost all Anrieties of heart failure. The fact 
is that AA’’e are as much at a lo.ss to explain AAdiy digitalis usually suc- 
ceeds as Ave are to understand AAdiy it occasionally fails. We arc told that 
digitalis decreases the cardiac output in normal men and dogs,’’"’®’^ 
but increases it in cardiac failure,®! wliieh AA'ould be no less eouAdneing 
if it were less paradoxical. The Amlidity of the old assumption that 
heart failure alAA'a.ys means diminished cardiac output has recently been 
questioned seriousljL As Wenckebach" says, there is almost an oppres- 
swe unanimity in the statements coming from all sides that under certain 
circumstances the cardiac output may be normal or actually increased. 
If this be true, is the effect of digitalis on cardiac output in heart failure 
iiiAmriably the same, or does it Amiy, and Aidiat determines its mode of 
action? 

Our clinical experience Aidth the mercurial diuretics has taught us 
that there must be peripheral, as AA’-ell as cardiac, factors in Avhat aa’^c call 
“heart failure,” and the Avork of Eppinger, Kisch and ScliAvarz,® and 
Harrison and Pilcher,®’ ® to mention but a feAv, has shown that such is 
actually the case. The effect of edema on the utilization of oxygen by 
the tissues and on minute-Amlume blood floAv, incomplete resynthesis of 
glycogen into lactic acid by the skeletal muscles, Avith all the ensuing 
metabolic disturbances, and Amriations of the circulating and noncircu- 
lating blood Amlume, are some of the peripheral factors ndiich must be 
taken into account. The idea that heart failure cannot be explained 
on a simple hj’’draulic basis is not neAV.^® 

To assimilate the often contradictory experimental data and apply 
them successfully to the problem of luitangling the snai’l of cardiac, 
renal, Amscular, Ijunphatie, respiratory and cytological factors in Heart 

*From the Department of Internal Medicine, State University of Iowa. 

tThe dissenting opinion of Harrison and Pilcher” is based on indirect evidence. 
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failure is a feat which surpasses even the ingenuity of enckehac . 
The one thing which is needed, above all olhcr things, to lead us out 
of this wilderness and start us on the road toward a rational wc er- 
standing of heart failure is a sufficiently accurate, clinically apphcah e 

method of measuring cardiac outputs®’ , mi ^ + 

The following ease of pure left ventricular failure not only illustrates 

some of the difficulties which beset the clinician in his endeavor to ana- 
lyze heart failure into its component physiological factors, but nearly 
epitomizes the entire problem. 


CASE REPORT 


Eisiory . — The patient was a physician, aged sixty-one ycav.s. His principal com- 
plaint was of air hunger, -vvluch he noticed for the first time in the early summer 
of 1931, while playing golf; the attach was not severe and did not last long. There- 
after on several occasions he felt a little short of breath at night, without anj 
antecedent physical exertion, but the warning was so slight that lie disregarded it. 
Tlie first reallj’ alarming attach occurred in duly, 1931, while tiic patient was touring 
in the East. One night after retiring he became so short of breath that he was 
compelled to sit uii in bed, and for about an liour he suffered from a feeling of 
suhsternal tiglitness and inability to bre.athc. After tlie symptoms subsided he 
felt none the worse, and was able to resume his trip the nc.vt d.ay. 

One day in August, 1931, while the patient was reclining on the couch after 
lunclioon, liis left arm and log suddenly became numb. Tlicro was no involvement 
of the face, or of speech, and he was able to rise and walk immediately, but sub- 
jective sensory disturbances persisted in the ai-m and leg for sever.al days, and wore 
attended with impairment of dexterity in the use of the hand, lyiion he was examined 
a few days later his arterial pressure was found to be 215/13S mm. Hg, but no objec- 
tive neurological signs were demonstrable. The patient did not know when his blood 
pressure first began to manifest an upward tendency. It had been measured once 
in 1930, at wliich time tlie sj'stolic level stood at ISO mm. Hg, but beyond this no 
information was forthcoming. Eor some time he had been finding it necessary to 
get up once or twice each night to pass urine, and after his August cxjieviences he 
began to examine his urine occasionally. He found that it usually contained a 
small amount of albumin and now and then a few hyalin casts. 


E3' the latter part of November, 1931, the patient was noticing slight air hunger 
on exertion. At the hospital where lie visited his patients lie was content to wait 
for the elevator, instead of climbing the stairs as had been his custom. Later in 
December the attacks of subjective respiratory distress began to return, chiefly at 
night, and quite apart from phj'sical exertion. Again tlie sensation was one of 
suhsternal constriction and inability to breathe. He had the feeling that he would ob- 
tam relief if he could bring up something from his lungs, which was true to a limited 
extent, hut his efforts to raise sputum were seldom successful, and the amount was 
alwaj-s very small. The sputum was never bloody. He found tliat he was more 
comfortable sitting up and leaning forward than in any other position. He had no 
pam anj’where at any time. The symptoms did not abate spontaneously, as on 
ormer occasions, but grew steadily worse, so much so that for a period of ten davs 
prior to his admission to the Hniversity Hospital lie had scarcely any repose, day or 
mg It. The feeling of tightness in his chest was always present, increasing at times 
to sueh an extent that he feared it would strangle him 

patient aenmol convince,! tUnt ho ont- 
lenng f.om btonch.al nrthmoj ho l,a,! already boo,, subjocled to skin aonsitiaation 
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failure is a feat wliieli surpasses even the ingenuity of Wenckehach." 
The one thing* which is needed, above all other things, to lead us out 
of this ^vilderness and start us on the road toward a rational under- 
standing of heart failure is a sufficiently accui’ate, clinically applicable 
method of measuring cardiac outputd®* 

The following case of pure left ventricular failure not only illustrates 
some of the difficulties which beset the clinician in his endeavor to ana- 
lyze heart failui’e into its component phj'siological factors, but nearly 
epitomizes the entire problem. 


CASE REPORT 

Sistory . — Tlie joatient ivas a physician, aged sixty-one years. His principal com- 
plaint "was of air liunger, ■which he noticed for tlie first time in the early summer 
of 1931, "vvliile playing golfj the attack was not severe and did not last long. There- 
after on several occasions he felt a little short of breath at night, without any 
antecedent pliysical exertion, but the warning was so slight that he disregarded it. 
The first really alarming attack occurred in July, 1931, while the patient was touring 
in the East. One night after retiring he became so short of breath that he was 
eompellcd to sit up in bed, and for about an hour he suffered from a feeling of 
substernal tightness and inability to breathe. After the symptoms subsided he 
felt none the. worse, and was able to resume his trip the next day. 

One da}’ in August, 1931, -while the patient was reclining on the couch after 
luncheon, his left arm and log suddenly became numb. There was no involvement 
of the face, or of speech, and he was able to rise and walk immediately, but sub- 
jective sensory disturbances persisted in the arm and leg for several days, and were 
attended with impairment of dexterity in the use of the hand. "When he was examined 
a few days later his arterial pressure was found to be 215/138 mm. Hg, but no objec- 
tive neurological signs were demonstrable. The patient did not know when. his blood 
pressure first began to manifest an upAvard tendency. It had been measured once 
in 1930, at Avhieh time the systolic IcA’el stood at 180 mm. Hg, but beyond this no 
information Avas forthcoming. Eor some time he had been finding it necessary to 
get up once or twice each night to pass urine, and after liis August experiences he 
began to examine his urine occasionally. He found that it usually contained a 
small amount of albumin and noAV and then a feAV hyalin casts. 

By the latter part of HoA-eniber, 1931, the patient Avas noticing slight air hunger 
on exertion. At the hospital where he visited Ids patients he was content to wait 
for the elevator, instead of climbing the stairs as had been his custom. Later in 
December the attacks of subjective respiratory distress began to return, chiefly at 
night, and quite apart from physical exertion. Again the sensation AA'as one of 
substernal constriction and inability to breathe. He had the feeling that he would ob- 
tain relief if he could bring up something from his lungs, which Avas true to a limited 
extent, but his efforts to raise sputum AA'ere seldom successful, and the amount was 
alAvays very small. The sputum was never bloody. He found that he aa'us more 
comfortable sitting up and leaning forward than in any other position. He had no 
pain an}’Ayhere at any time. The symptoms did not abate spontaneously, as on 
former occasions, but grcAV steadily worse, so much so that for a period of ten days 
prior to his admission to the HniA’ersity Hospital he had scarcely any repose, day or 
night. Tlie feeling of tightness in his chest aa’us ahvays present, increasing at times 
to. such an extent that he feared it would strangle him. 

Physical Examination . — ^At first the patient seemed convinced that he was suf- 
fering from bronchial asthma; he had already been subjected to skin sensitization 
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■\vas no retention of nonprotein nitrogen, but renal resourcefulness was reduced 58 
per cent as determined by the urea clearance method. The blood Wassermann and 
Kahn reactions were negative. There was no anemia. 

Summary. — Historj^ of paroxj’smal nocturnal cardiac dyspnea, moderate' air 
hunger on exertion, cerebral liemorrhagc, high blood pressure, nocturnal diuresis, 
and albuminuria. Presence of air hunger and dyspnea, higli arterial pressure, en- 
largement of the left ventricle, evidences of stasis in the pulmonary circuit witliout 
stasis in the greater circulation, widespread arteriosclerosis including electrocardio- 
graphic indications of coronary sclerosis, and relative renal insufficiency. 

Diagnoses . — Pure loft ventricular heart failure, with interstitial pulmonary stasis, 
but without actual pulmonary edema. General arteriosclerosis, including the arcli 



PiE. 2. 


P'e’mfr effusfom*' (Keprodu^ctlon'h.™%om^^^^ .and bilateral 

extent of the lung shadows.) * exagger.ated the original intensits’^ and 

stasis®’havT later. The signs of Intrapulmonic 
nUoLerast --toHes, and arteriolar 

epinephrTnrloSffire^'^f^.p'igTey,''^^^^^^ ^lita-ites, 

curred once or twice. As soon ’as a ratio symptom.atic improvement oc- 

strophanthine was given intramuscularly and on tlm ^7''' 7' 

of digitalis leaves in doses of 0 1 eni G.rel 7 administration 

Of 0.2 gm. three times a day, wasTegun 77" ' 7’ """ 
s rophanthine the patient felt immensely relieved”^ 7 ow hours after receiving the 
luresis. Improvement continued steadily and fo"* “"set of profuse 

different man. All the agonizing sense of cent 7 a 
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evidences of intrapulmonie stasis liad vanislied (Fig. 2). Incidentally, the arterial 
pressure had fallen to 170/120 mm. Hg. 

The roentgenograms had shown elongation and dilatation of the aorta, and more 
careful examination just before the patient was discharged revealed all the usual 
indications of increased accessibility of its ascending and transverse portions, 
together with an aortic systolic murmur which had not been present at the first 
examination. This murmur can best be explained as the result of reduction in the 
diameter of the vestibular portion of the left ventricle consequent upon recovery 
from cardiectasis, the diameter of the aortic orifice and ascending aorta remaining 
unchanged throughout. 

DISCUSSION 

The most interesting features of this ease were the behavior of the 
arterial pressure, the respiratory sj’^mptoms, the unusual character of the 
intrapulmonic stasis. 

It might readily be assumed that high iierijiheral resistance was the 
primaiy cause of the left ventricular failure, and that interference with 
coronary blood flow acted as a contributoiy factor. Plij^siologists tell us 
(cf. Wiggers^®) that when the heart is in prime condition it responds to 
increased resistance with increased initial and maximal tension and in- 
creased diastolic volume. The latter is a tonogenic, or physiological, dil- 
atation. As a result the output of the ventricle remains the same, or 
even increases, and the duration of systole is actually shortened. This is 
the first phase of cardiac strain. The damaged heart responds in the 
same way, but soon passes into the second phase of strain, during which 
its inherent contractility sulfers. The next stage is that of myogenic, 
or pathological, dilatation, characterized by diminished output. Failure 
begins when the heart receives more blood that it discharges. At this 
point stasis appears proximal to the ventricle, and systemic arterial pres- 
sure would fall considerably were it not for a “compensatory” vaso- 
constriction. Vasoconstriction occurring at this juncture could not pos- 
sibly be genuinely compensatory, for it Avould create a vicious cii’cle with 
the failing ventricle, besides producing peripheral disturbances. It is 
here that clinical experience and physiological predications part com- 
pany. How can failure avoid growing progressively worse if the ven- 
tricle must continue opening the aortic A’^alve against a very high diastolic 
pressure? How broad is the interjacent ground between moderate fail- 
ure with stasis and sustained high arterial pressure on the one hand, 
and complete failure with falling pressure on the other? It is difficult 
to understand how patients can linger indefinitely in this intermediate 
state. Clinical experience does not confirm the dictum that arterial 
pressure always tends to fall as heart failure develops ; cases such as this, 
in which the iiressure remains very high in spite of desperate symptoms, 
are too common. If anything were needed to confuse matters further, 
it is furnished by the fact that as soon as recovery begins pressure falls, 
sometimes considerably below the pre-failure level, and one gains the 
impression that the fall is the result, rather than the cause, of recovery. 
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At least wc are well rid of the old taboo against giving digitalis when 

arterial pressure is high. _ _ 

If diminished eardiae output and secondary vasoeonstrjction arc in- 
variable consccpicnees of left ventricular failure, why are there not 
plain evidences thereof, such as coldness and cyanosis of the hands and 
feet, and perhaps lowered pulse pressure? AMiat is the relationship be- 
tween heart failure and the temperature of the body surJaec? Other 
things being ecpial, why is it that some patients have cold hands and 
feet, whereas others exhibit extremities that are normally or even ex- 
cessively warm? 

A priori considerations .sugge.st that pure unilateral heart iailure, par- 
ticularly of the left ventricle, .should be rather common, but as a matter 
of fact it is rarely encountered except in the acute form which inanilests 


itself as paroxy.smal nocturnal cardiac dy.‘^pnea. It is cliaracterizcd as 
a rule by relatively more severe re.spiratory symiitonis than bilateral 
failure, the reasons for which are not clear in every case. The air 
hunger and dy.spnea of the paroxy.smai nocturnal seizures are generally 
proportional to the degree of intrai)ulmonic stasis and edema, and are 
regai’ded as the natural consequence of inability on the part of the left 
ventricle to handle the volume of blood which is being sent in normal 
quantities into the pulmonary circuit by the right ventricle. It is there- 
fore to be inferred that the symptoms would be alleviated, at lea.st par- 
tially, if the out])ut of the right ventricle were to dimini.sh. In the case 
here dc.seribed, however, although the air hunger was moderately severe, 
it was no worse than it might have been in a comparable ease of bilateral 
failure. The ventilatory capacity of the lungs was at all times adequate 
to the needs of the patient as long as he remained at. rest. Ilis shortness 
of breath was therefore not referable directly to impaired extensibility 
of the lungs, but pre.sumably to vagus rellcxes contingent U]ion dimin- 
ished vital capacity.'-* Thus it is very unlikely that the supervention of 
right ventricular failure would have ameliorated his air hunger to any 
appreciable extent. On the other hand, the ])atie}it'’s terrible dy.spnea, 
his acute sense of substernal constrictioii, and his vivid premonition of 
death were not only out of all ]n’oportion to his air hunger, but were far 
more intense than would be expected in bilateral heart failure of compar- 
able degree. This conjunction of extreme dysi)nca with relatively mild 
air hunger in pure left ventricular failure was one of the most note- 
worthy and most inexplicable features of the case. AYhenever a critical 
analysis of respiratory symptomatology is attcm]itcd, it is imperative to 
distinguish sharply between air hunger and dyspnea. iMorawitz and 
Siebeck'** called attention to this fact in 1909, and it has been re- 
emphasized repeatedly. No better example could be adduced than the 
case under discussion. 


In any case of heart failure it 
part played by the left ventricle 


is impossible to apprehend fully the 
without spirometric estimation of the 
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vital capacity to determine the extent to which lung extensibility has 
been reduced by stasis in the pulmonary circuit. This is especially true 
in a ease such as this, in which the stasis remained confined to the inter- 
stitial tissues. How pulmonary stasis can be purely interstitial, besides 
being extensive enough to reduce lung extensibility 50 per cent and pro- 
duce air hunger and severe dyspnea without at the same time interfering 
with transpiration of gases across the alveolar membrane to the extent 
of inducing pronounced hyperpnea and cyanosis, is a mystery. / 
Further progress toward answering such questions as have been ex- 
pressed or implied in this discussion awaits the introduction of a satis- 
factory method of measuring cardiac output in health and disease. 
Without such a method our knowledge of the physiology of heart failure 
stands at dead center, as did the physiology of diabetes before the dis- 
covery of insulin. 
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NOTE ON THE TRiVNSlMIvSSlON OF AORTIC SYSTOLIC 
j\HJRi\lURS TO THE ABHOjRINAE AORTA 

Robert 1L Hiesta^’d, jM.D., aki> Roger S. iHorui!?, jM.D. 

CiNciNKATi, Ohio 

COIklE moiitlis ago while examining a patient with aortic stenosis, it 
w was noted that the mnrnmr was readily heard over the abdominal 
aorta in the region o£ the navel. Inasmuch as systolic nuirmnrs in 
general are propagated best in the direction of the blood stream, the 
presence of the mnrinnr is readily explained. However, several stand- 
ard texts Averc consulted, and in none was there reference to the trans- 
mission of murmurs originating at the aortic valves or in the thoracic 
aorta to the abdominal aorta. 

Notes have been collected on twenty-five patients. In eleven of 
these, a diagnosis of aortic stenosis was made. In nine, the murmur 
Avas transmitted to the abdominal aorta, Avhilc it Avas not heard there 
in two. In live eases of luetic aortitis Avith aortic insufiicicncy, having 
both systolic and diastolic murmurs at the aortic area, all shoAved 
transmission of the sy.stolic murmur to the abdominal aorta. One 
patient Avith thoracic aneurysm Avithout insufficiency and another Avith 
aortic insufficiency eacli had a sy.stolic murmur over the abdominal 
aorta. One patient Avith arteriosclerosis and ]l.A^)ertension had a sys- 
tolic murmur at the aortic area Avhich Avas transmitt ed to the abdominal 
aorta. In one ease of subacute bacterial endocarditis iiiA'olving the 
aortic valve, Avith a to-and-fro murmur at the aoitic area, a loud sys- 
tolic murmur Avas audible over the abdominal aorta, much louder than 
that heard over the heart, suggesting the possibility of vegetations in 
the aorta. A patient Avith toxic adenoma of llie thyroid Avitli sub- 
sternal extension of the goiter had a A’ery faint .systolic murmur audi- 
ble at the aortic area. Immediately bcloAv the ensiform, the murmur 
Avas barely audible. It became much louder on approaching the navel 
and Avas famtly transmitted to the femoral arteries. The probable 
explanation of the murmur seemed to be the pressure of the very firm 
thyroid gland on the thoracic aorta. A patient Avith long standing 
adenoma of the thyroid developed malignant, changes in the gland, Avhich 
Avas largely intrathoracic. Signs of Amnous pressure Avere apparent 
There Avere no murmur.s over the preeordium. A systolic murmur 
Avas audible above and beloAv the navel over the aorta X-ray films 
as wffil as operative and postmortem findings, indicated that the 
thyroid gland was pressing on the thoracic aorta. A patient with 

overErnlfr had been heard 

o^ie abdominal aorta but none over tlie aneurysm. In addition 

•From me Department of Internal Aledlclne. University 
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to aneurysm of the arch of the aorta, autopsy revealed atherosclerosis 
with calcification of the abdominal aorta, which may have contributed 
to the production of the murmur. Two patients with pernicious 
anemia, without demonstrable heai’t disease,' had systolic murmurs, 
presumably “hemic,” at the base of the heart. In each, the murmur 
was audible over the abdommal aorta, though very faint. The red 
cell counts were 1.5 and 1.2 millions, respectively. 

The murmurs heard over the abdominal aorta have been noted in the 
region of the navel; usually about two fingerbreadths above and be- 
low it, and a little to the left of the midline. In most of the patients 
the murmur was heard best .just above the navel. Grenerally, it ivas 
less intense or absent at some point between the navel and the ensi- 
form. In one patient with aortic .stenosis and in one Avith intrathoraeic 
goiter, the murmur could be heard along the abdominal aorta, over 
the common iliac and femoral arteries. In one with luetic ' aortic in- 
sufficiency, a systolic mumnur was heard over the aortie valve area, 
abdominal aorta and iliacs. 

Compression of the aorta Avith the bell of the stethoscope must be 
aAmided, though it is essential that the insti'ument be near the vessel. 
Failure to hear a murmur OAmr the abdominal aorta in obese indi- 
viduals may be due to the interposed layer of fat. In one patieiit Avitli 
an aortie systolic murmur Avhose abdomen Avas distended and AAdiosc 
abdominal muscles AA'ere resi.stant, no murmur Avas heard ; biit when 
pressure Avas exerted Avith hands above and beloAv the navel, the bell 
of the stethoscope Avas more nearly approximated to the aorta and a 
murmur Avas then audible. If one auseults over the femoral artery, 
one finds that considerable pres.sui’e is required to produce a murmur. 
In the aAmrage patient Avith abdomen of normal contour, it requires 
still greater pressure to produce a murmur over the aorta, and in oiir 
experience it is usually impossible to do this. 

As a control, a series of 50 normal indiAuduals has been examined. 
In none Avas a murmur audible OAmr the abdominal aorta, and in only 
one, with Amry thin abdominal AAmlls, Avas a murmur produced by pres- 
sure of the bell of the stethoscope. In examining patients Avith scaphoid 
abdomen, pressure Avith the bell of the stethoscope during auscultation 
oAmr the aorta may produce a nnu-mur and, therefore, must be aAmided, 
since such a murmur has no diagnostic significance. 

The intensity and quality of the cardiac miu-mur do not appear to 
be the sole factors Avhich determine its transmission. When the ab- 
dominal aortic murmur is louder than that heard OAmr the aortic Amlves, 
or Avhen no thoracic murmur is detected, an extraeardiae cause for 
the murmur, such as aneurysm, intrathoraeic goiter or mediastimil 
neoplasm, should be looked for, in the absence of a demonstrable ab- 
dominal lesion. 

A systolic thrill Avas found at the aortic area in association Avith the 
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niurmm- in many instances, particularly in aortic stenosis. But mur- 
murs producing no palpable thrill arc audible over the abdominal 
aorta quite as frequently as those associated Avith a 1111111, so far as 
Ave can determine from this small series of cases. 

These obsenmtions demonstrate that systolic aortic murmurs, re- 
gardless of theii" cause, are frequently transmitted from the aortic 
AmlA'^es or thoracic aorta to the abdominal aorta. The finding of a 
murmur over the abdominal aorta is of no difl’evential diagnostic value 
as to the type or etiology of a lesion of the aortic vah'es. In fact, a 
systolic murmur originating from a thoracic aneurysm or from ex- 
ternal pressure on the thoracic aorta may be transmitted AA'ith the 
blood stream to the abdominal aorta. In some instances tlie murmur 
may not be detected OA’-er the thorax. In no ease Averc diastolic cardiac 
murmurs heard over the abdominal aorta. 

Systolic murmurs are frequently encountered in connection Avitli 
aneurysm of the abdominal aorta. Any abdominal lesion causing 
pressure on the a'csscI and producing a relative stenosis may also 
cause a systolic murmur. The fact that similar murmurs may originate 
at the aortic valves or in the thoracic aorta should be lcei)t in mind in 
connection Avitli the diagnosis of abdominal lesions. 
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OCCUERENCE OF SUBACUTE BACTERIAL ENDOCARDITIS 
IN MITRAL VALVULAR DISEASE WITH PREEXISTING 
AURICULAR FIBRILLATION'^ 

A Case Report 

Clarence E. de la Chapelle, M.D., and Irving Graef, ]\I.D. 

New York, N. Y. 

OOME years ago Libmaii^ made the observation that patients suffering 
^ from chronic valvular disease with auricular fibrillation rarely devel- 
oped subacute bacterial endocarditis. Subsequently he, Rothschild, and 
Sacks- studied the disturbances of cardiac mechanism in 123 cases of 
this disease. Auricular fibrillation was encountered only once during 
the active stage of the disease, and in that patient the rhjdhm had been 
normal until three da 3 ’’S before death. Three other cases had already 
progressed to the baeteria-free stage. Their observations of patients 
with fibrillation convinced them that once this arrhjdhmia was perma- 
nentlj’- established, there was little danger of subacute bacterial endo- 
carditis supervening. The observation that auricular fibrillation and 
active subacute bacterial endocarditis are mutually exclusive, save in 
an exceptional instance, the.v considered of diagnostic value. 

Thayer,® in a series of fifty-two cases studied up to the fatal issue, 
noted auricular fibrillation in three instances. However, in one of the 
three, the arrhythmia appeared eight daj^s before death. In the other 
cases no statement was made of the duration of this disorder of rhjdhm. 
Recently (1930) Thajmr* stated that auricular fibrillation was noted in 
5 per cent of a series of 100 cases of subacute streptococcal endocarditis 
studied until death. 

Sprague® refeiwed to one ease in which auricular fibrillation had been 
present four years before the onset of the infection. The arrhjdhmia was 
abolished bj^ the use of quinidine sulphate, but recurred six months be- 
fore death at the time of the appearance of the infection. 

Fulton and Levine® in their series of 111 cases, of which thirty were 
examined at neeropsj'', encountered auricular fibrillation onty once and 
tlien as a terminal event. 

Blumer" referred to 301 case records in which auricular flutter was 
encountered once, and auricular fibrillation four times. He noted that 
manj’’ of the records antedated the use of instruments suitable for ae- 
curatety distinguishing arrhjdhmias. 

Elsewhere we® have reported observations of two cases of subacute 
bactei’ial endocarditis showing manj’- disturbances of tlie cardiac meeh- 

*From the Third (N. Y. V.) Divi.sion Patholog'ical Service, Department of Pathol- 
ogy, Bellevue Hospital, and the Third (N. T. U.) Medical Division, Bellevue Hos- 
pital. 
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DE EA cnAEELEE-GRAEF: 


SUBACUTE BACTKIUAIi ENDOCAUDITIS -G'J 

In cue instance paroxys.nnl nnncniar 
eleetrocarclioprams. While transitory disiurhauccs of A-\ 
are not extremely rare, the occurrence of siihacutc bacterial enclocauliin 
(Streptococcus viridans) in a patient ivith chronic rheumatic valvulai 
disease and established auricular fibrillation is sutTicicntly unusual to 
■warrant study of the folloiving case. 


CASE REPORT 


The patient, I. G., -was first onrollea in the Tliinl (^^ Y. U.) Medical Pivision 
Cardiac Clinic on November 1, 102?. She was twenty-four years old, a widow, and 
mother of four children. Her chief complaints %vcrc dy.s])nca and fatifrue, coukIi, with 
occa.sional hemoptysis, cpistaxis, palpitation, and sliglit precordial pain, all of about 
one year’s duration. Sbe bad noticed slight swclliiijr of her ankles since 10...1. Jlo 
ccntly she had occasional vertigo and “spells of feeling faint.” In her jia.st bi.story 
sho stated timt sho had had typhoid fever and pneumonia at four year.s, scarlet fever 
and tonsillitis at five ycar.s, measles and dijilithcria at six year.s, wliooping rough at 
nine years, .and influenza at fourteen years. Heart disease was fir.st discovered by a 
phvsician sometimo between 1000 and 1013. Her family history is of interest be- 
cause both her fattier and a brother died of heart disease, tbo former iit fifty-three 
years, the latter at nineteen years. 

On adini.ssion to the clinic in 3020, phy.sieal examination showed tlic jiiiticnt to be 
•n'oll developed, obese, and neither dy.spneic nor cyanolie. No .subcutaneous nodules 
or pctechiae were discovered. Pupillary reactions were normal. Hxamination of the 
heart revealed the maximum apical imjniJ.so in the flfth left intercostal space outside 
tho midclavicular line. The sounds were of fair (juality. There were a harsh, blow- 
ing systolic ninrmur and a rumbling, di.astolie murmur accompanied by a diastolic 
thrill at Die apc.x. A .soft systolic murmur wa.s heard .at the base. P, was greater 
than A". The rhythm was totally irregular. Tho ventricular rate was 77, the pulse 
rate was 08. The blood pressure was 116/70 nun. The lungs were clear*, liver and 
spleen were not palpable. There was no edema or clubbing of Die fingers. Eh-etro- 
c.ardiograms showed anricnlar fibrill.'ition. A teleroentgenogram showed an enlarged 
heart with accentuation of all the cardiac cnrvc.s, especially the pulmonary artery 
and left auricular curves. Wasscrmaun test was negative. The urine exiunination 
was negative, except for a trace of albumin. 


Tho patient was digitalized and given a daily maintenance dose of 3 grains of 
digitalis (whole leaf). She attended the clinic about once a month. Auricular 
fibrillation persisted. The temperature ranged between 00° and 100.2°. Several 
months later sho developed pain in the left shoulder which was intermittent during 
the next six months. At times tho patient felt better, but she was never free of 
sjmptoins or fever. In December, 10.30, the patient developed cough with grippe-like 
symptoms which gr.adually subsided, but reappeared in Idarch, 1031. In May. lO.'H. 
arthritis of an .ankle joint developed and wa.s followed by involvenieut of the fingers 
of one hand. She gradually became worse, developed dyspnea at rest, cough .*1101 
fever (101.4”) and complained of pain in Die left .shoulder and right ankle. At this 
hmc it was noticed that her complexion had chunged, having become pale ami imstv. 
Edma of the legs appeared. On her visit to the clinic on dune 1.0, 1031, she eoiii- 
plamcd of dizziness, fever, and pain in the extremities. The spleen was palpable 

The ventricular rate was 100; pulse rate, 86. The patient was referred to th hos: 
pital tiiat evening. 

to the JIo.pital~Tho patient entered the hospital on .Tuno 2-1. 1031 
wlf • ° ««"P’-"od of aching pain in tho right sl.m.lder, elbow^; d g M 

-.St 30ints, fever at night, dyspnea, and fatigue. Phy.sieal exa ninat n^ 
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orthopnea of choice, moderate pallor, slight cyanosis of the lips and finger nails. 
Her fingers appeared to show slight clubbing (the patient herself said that tlicj- 
were formerly more tapered). The mucous membranes were pale and no petcchiae 
were visible. The fundi showed no changes. Veins of the neck were not dilated. The 
lungs were clear. E.xamiiiation of the heart revealed essentially the same findings as 
noted in the clinic. The rhythm was still totally irregular. The liver was palpable; 
the spleen was easily palpated and was tender. There were no signs of ascites. The 
extremities showed no edema. On the theimr eminence of the right hand there were 
two bluish spots which wore not tender. The admission diagnosis was as follows: 
Cardiac* — (a) Unknown (rheuiiiatic?) inactive and active (possibly subacute bac- 
terial endocarditis), (b) enlarged heart, mitral stenosis, mitral insulficieiicy (possi- 
bl}' bacterial endocarditis), (c) auricular fibrillation, (d) Class TIL Accompanying 
this diagnosis was a note WTitten by the house physician. Dr. Marshall Brown, which 
we quote verbatim, “The fact that the patient has auricular librillation is against 
the diagnosis of bacterial endocarditis, but the marked anemia, fever of six weeks’ 
standing, paliiable spleen, and questionable petechiae on the right hand make this 
diagnosis one to be considered.” 

Sitbscqiicnt Observations and Course in the Hospital . — Examination by one of us 
later revealed essentially the same findings. Pallor was marked although not of 
tj^iical “cafe an lait” color. I’etechiae were visible in the mucous membrane of 
the left cheek, and a small tender red are.a was found on the tip of the middle finger 
of the left hand (Osier node). The diagnosis offered was the same as that just 
mentioned except that we felt more certain of the presence of subacute bacterial 
endocarditis. A blood culture taken on June 25 was positive for Streptococcus 
viridans. On July 3, the patient experienced a sharp, agonizing pain in the left 
upper quadrant of the abdomen which did not radiate. Examination of the abdomen 
revealed marked rigidity, and tenderness over this area. Tlicre were no ac- 
companying urinary sjmiptoms. Splenic infarction was added to the diagnosis. An- 
other blood culture, taken on June 30, showed numerous colonics of Streptococcus 
viridans. 

Laboratory Data; 3,410,000 red blood colls; hemoglobin, 70 per cent; 7,600 white 
blood cells tvith 80 per cent polynuclcars and 20 per cent lymphocytes. Blood Vas- 
sermann was negative; blood N. P. N. 34 mg. per cent; sugar, 115 mg. per cent; 
creat. 1.5 mg. per cent. All electrocardiograms showed auricular fibrillation. A 
urine sediment count (Addis) t was done with the following results: twelve hour vol. 
296 e.c. ; specific gravity, 1011; Pn 5.8, albumin negative; red blood cells 1,480,000; 
white blood cells, 5,032,000; casts, 79,900. 

Tlie patient gre^v progi-essively n'eakcr, more anemic, and lost weight contiuuousl 3 ". 
A third blood culture was also positive for Streptococcus viridans. On Julj' 13 the 
patient insisted upon going home, leaving the hospital at her own risk. She was 
readmitted two weeks later, to another medical service, conqjlaining of palpitation, 
W'eakness, fainting spells, chills and fever. Erom this time to death on August 6, 
the patient ran a dowmhill course, the outstanding feature of wdiich ■was the increas- 
ing evidence of sepsis. The temperature fluctuated dailj’ between 99° and 104° (P). 
There were no new phj^sical findings. Pinal clinical diagnosis was: Cardiac — (a) 
Unknown (rheumatic fever?) inactive, bacterial endocarditis. Streptococcus viridans; 
(b) enlarged heart, mitral stenosis and insuffieienej', bacterial endocarditis of mitral 
valve; (e) auricular fibrillation; (d) Class III. II. Pocal embolic glomerulonephritis. 
III. Splenic infarction. 

Necropsy Report . — The following is a resume of the significant pathological find- 

♦Cardiac diagnosis conforms to the nomenclature recommended by the American 
Heart Association. 

tNormal values for twelve-hour specimens should not exceed: red blood cells. 
600,000 ; white blood cells, 1,000,000; and casts up to 5000. 
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Pig. 1. — Photograph of heart to show marUect dilatation of the left auricle, 
mural endocarditis of the left auricle and the old and recent lesions of the mitral 
valve. 


weiglied 470 gm. It presented marked dilatation of the left auricle. The right 
auricle appeared to be intact. The leatlcts of the tricuspid valve were thin, trans- 
lucent, and their chordae tendineae were delicate and shortened. The right ventricle 
showed slight hypertrophy. The pulmonary valves showed no naked eye changes. 
On opening the left auricle, it was found to be enormously dilated. (Pig. 1.) Its 
walls were thickened and on the lateral wall Avas seen a medallion-shaped patch, 
4 by 5 cm., raised above the adjacent endocardium for a distance of 1 to 2 mm. Its 
surface was puckered, Avrinkled, and composed of firm, pinhead sized verrucae. The 
auricular appendage appeared normal. The mitral orifice was stenotic, admitting two 
fingers. The valve showed marked thickening and fusion of the chordae tendineae, 
which Avere also shortened. The attached papillary muscles were notably hyper- 
trophied. The aortic cusp of the mitral valve Avas the seat of a vegetative process 
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in which firm thrombotic material extended over both surfaces of the valve, and 
pedunculated vegetations reached into the ventricular chamber (Fig. 1). On the 
posterior cusp, a few thrombotic vegetations were also found. In addition, several 
small verrueae were noted. The vegetations appeared to be fairly well organized and 
were not friable. In the aortic leaflet calcific material could be palpated. The left 
ventricle showed moderate hypertrophy. The aortic valve was the seat of thrombotic 
vegetations which were found chief!}' over the corpora arantii. These vegetations 
were small, polypoid, fairly firm, and quite irregular in shape. There was a slight 
degree of fusion in the commissure between the right coronary cusp and the non- 
coronary cusp. The coronary arteries appeared to be well preserved. The heart 



Pig. 2. — Photomicrograph (xlOOO) to show cocci in the depths of the vegetation on 
the aortic leaflet of the mitral valve. 

muscle on section was pale, brownish red, and somewhat flabby. The aorta and 
pulmonary arteries were well preserved and showed only focal atheroma. 

Lungs . — Except for bilateral adhesive pleuritis and moderate congestion and 
edema, no noteworthy abnormalities were noted. Spleen: In the spleen, which 
measured 18 x 8 X 8 cm., there was found a cystic infarct, occupying the lower one- 
third of the organ. The cut surface was mottled green and purple, and revealed 
several infarcted areas. The lower pole was converted into a large necrotic cavity 
filled with homogeneous, foul-smelling, broivnish maferial. Liver: Was enlarged 
and showed the markings of chronic passive hyperemia. Kidneys: Both kidneys were 
slightly enlarged and showed numerous anemic infarcts, chiefly cortical in distribu- 
tion. No petechiae were noted. The other organs showed no especially significant 
changes. 

Microscopic Eeport. — Heart and great vessels: Section through the wall of the 
left auricle showed marked thickening of the endocardium and numerous focal areas 
of cellular infiltration between the endocardium and the underlying auricular muscle. 



DE LA CHAPELLE-GRAEP : SUBACUTE BACTERIAL ENDOCARDITIS 25 ( 

A section tlirougli the area of ciulocarditis in the left auricle showed verruca forma- 
tion. Sections of the mitral valve showed an ancient valvulitis with deposition of 
fibrous tissue which had become hjalinized. Blood channels were very numerous and 
arterioles showed advanced sclerosis. Sections through the vegetations showed in- 
filtration by colls of all tj^pcs, but chiefly histiocytic cells whicli extended freely into 
the thrombotic vcgot.ations. Evidence of organization was seen in the infiltration by 
fibroblasts into tho deeper parts of the thrombi. Gi'am-iiositivc cocci nere demon- 
strable in the sections through the vegetations on the aortic leaflet of tho mitral 
valve (Eig. 2) ; none were seen in the sections througli the posterior cusp or in the 
auricular lesion. Sections of the aortic valve showed sclerotic changes in the b.ase 
and the free margin of the valve, suggesting previous mild focal inflammation. A 
section through the vegetation showed it to consist chieflj’ of fibrin with an inflam- 
m.atorj' base composed of edematous collagen fibers and histiocj’tcs, a few poly- 
nuclear leucocytes, and a few lymphocytes. Gram-positive cocci were demonsti'ated 
in the superficial layers of the vegetation. Sections of the other valves showed no 
inflammatory changes. Sections of the aorta and pulmonary artery were negative. 
Sections of the myocardium showed occasional areas of perivascular fibrosis. Oc- 
casionallj’ intrafascicular scarring was encountered, but it was not marked except 
in the sections of the paprllarj' muscles. No Aschoff nodules were found. 

Kidneys . — Sections of both organs taken from areas adjacent to infarcts .showed 
severe tubular degeneration with complete loss of nuclei, many tubular hemorrhages 
and much desquamated material in the tubular luniina. The glomeruli wore so altered 
by the diffuse infarction that differentiation of embolic lesions was impossible. No 
bacterial masses were encountered. 

Examination of tho other organs confirmed the naked eye diagnosis. 

Final Pathological Diagnosis. — Heart: Hj^pertrophy and dilatation,’ bacterial 
vegetative endocarditis (Streptococcus viridans), mitral and aortic valves; chronic 
valvulitis of mitral valve; mitral stenosis and insufficiency, verrucous thromboendo- 
carditis of loft auricle; chronic adhesive pcric.arditis; fibrosis of myocardium. 
Spleen: Multiple infarction rvith necrosis. Kidneys: Multiple bilateral infarctions. 
Liver: Chronic passive hj^jeremia. Lvngs: Chronic passive In-pcrcmia; edema; 
chronic adhesive plouritis, bilateral. 


COMMENT 


Certain facts of clinical interest observed in this patient’s course arc 
worthy of emphasis. Thus we have proof of the existence of established 
auricular fibrillation for twenty-one months prior to death. From the 
patient’s history a clue to the possible previous existence of this rhjdhm 
is found in her complaint of palpitation which began one 3 ’’ear prior to 
entrance in the cardiac clinic. 

It might be argued that bacterial endocarditis was present in this 
patient when her symptoms brought her to the cardiac clinic. Ao-ainst 
tlns_ interpretation are the negative findings noted especially in her 
clinic visits: no splenomegaly, no petechiae, no clubbing of the fiimers 
no change in complexion, and no subjective complaint of fever until a 

death. At this time grippal” sjunptoms appeared, slowly subsided 
and reappeared in March, 1931, five months before deatl TOh the 
recrudescence of symptoms of weakness, fleetiim joint naiu., f ^ 
creased fatigability, and the appearanc; of 
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took on a new aspect. TJiereafter we find the development of all the 
confirmator.y signs necessary to establi.sli the diagnosis of subacute 
bacterial endocarditis. From this analysis the conclusion seems reason- 
able that auricular fibrillation was present for a considerable period (at 
least one year) before the onset of the terminal infective process. 

The question of relationship between the occurrence of subacute 
bacterial endocarditis and advanced mitral stenosis has recently been 
studied by Siirague'"' and Fulton and Levine." These observers agree 
that subacute bacterial endocarditis is rarely encountered in patients 
with advanced mitral stenosis. The case here presented .showed signs 
of mitral stenosis and insufficiency in life. At neerop.sy the mitral valve 
measured 10 cm. in circumference at its base. It was rigid and the 
orifice was definitely, tliough moderately, stenotic. The shortened, thick- 
ened, fused chordae tendineae gave evidence of ineompeteney as Avell. 
The vegetations were hardly large enough to add to the degree of 
stenosis. 

Thus in accord with the observations mentioned this patient did not 
have advanced mitral steno.si.s, although such might have been antici- 
pated because of preexisting auricular fibrillation. It is interesting in 
this connection to note that in Sprague’s cases the one patient with 
auricular fibrillation also had a wide mitral valve orifice, measuring 
15 cm. in circumference. Any parallelism which might be drawn from 
the infrequency of the association of subacute bacterial endocarditis 
and advanced mitral stenosis on the one hand and auricular fibrillation 
on the other would have to take into account the frequeney of auricular 
fibrillation in the various grades of mitral stenosis. 

SUMMARY 

A case of subacute bacterial (Streptococcus viridans) endocarditis is 
reported because of the occurrence of this disease in a patient with 
established auricular fibrillation associated with chronic rheumatic 
valvular disease. 
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T he cliaiiges in the electroearcliogvam taking place during expeii- 
mental asphyxia have been the .subject of several investigations by 
different observers.^- =■ =>■ ^ The results of these observations are not, how- 
ever, concordant. The clinical as well as experimental understanding o 
the effeet of asphyxia on the electrocardiogTain is of an obvious im- 
portance. A better Iniowledge of the effect of asphyxia on the electric 
potential of the heart would assist in separating many complex and 
hitherto obscure points of cardiac disease as recorded by the electro- 
cardiogram. Particularly is this true clinically, as asphyxia and anoxe- 
mia are usually accompanying factors of heart disease. 

The experiments described in the present communication were per- 
formed with the object of securing further information on this problem. 

Before proceeding with a description of tlie methods used and of the 
results obtained it is necessary to define with somewhat greater precision 
the ratlier general term of asphyxia. Under asphyxia is understood a 
complex condition resulting (a) from an acute diminution of oxygen .sup- 
ply to an animal or one of its organs and simultaneously (b) from a 
diminished removal of the products of metabolism ]iroduced by the ani- 
mal or organ. In other words asphyxia of an organ consists of a state 
of anoxemia complicated by an accumulation in the organ, i. e., in the 
blood perfusing it, of carbonic acid and lactic acid together with va- 
rious other normal and abnormal products of metabolism. The method 
of the previous observers has been either to obstruct the blood flow 
through the coronary blood vessels’’’ or to produce a general asphyxia of 
the whole animal.® In our experiments we endeaA’ored to study the ef- 
fect of asphyxia as well as of its component parts separately so as to de- 
teimine which aspect of the asphyxial condition is chiefly responsible foi’ 
the changes in the electrocardiogram. 

AU experiments of in-evious observers in this field have been done on 
the intact animal. It is obvious that in order to study the direct effeet 
of asphyxia on the heart it is necessary to rule out all possible effects 
wnch asphyxia may exert on the lieart indireetlj^, for instance through 
tie cen tral nen^ous system or by changing the blood pressure. The 
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necessary control can only be achieved in experiments performed on the 
heart lung preparation. 

All our experiments were performed on dogs from eight to ten kilo- 
grams in weiglit. The animal, after injection of a small dose of morphine, 
was anesthetized with chloroform and ether mixture, placed in position 
on the board, and its electrocardiogram was taken with standard leads 
befoi’e tlie beginning of the preparation. The heart-lung preparation 
was then made, and the cleetroeardiogi-am was retaken in order to de- 
termine whether it showed any changes as result of the operation and 
especially to determine the angle to which the heart became displaced by 
the manipulation ; in the greater majority of experiments this was en- 
tirely negligible. All the experiments were performed at a constant 
arterial blood iiressure and output of the heart. In most eases the ar- 
terial pressure was adjusted to 100 mm. Hg and the output to 600 c.c. 
per minute. Asphyxia of the whole heart was produced in the experi- 
ments either by shutting off the respiration or by restricting the blood 
supply to the heart muscle by severe coronary vasoconstriction following 
introduction of pitressin into the circulating blood. In some experiments 
asphyxia was produced by increasing the dead space of the respiratory 
system and making the animal rebreathe the same air. 

Anoxemia of the whole heart was produced by administration of potas- 
.sium cyanide, and excess of COo by administering blood which had pre- 
viously been exposed to a definite tension of carbonic acid. Local cardiac 
asphyxia was produced by temporary clamping of the coronary arteries, 
or by perfusing them with asphyxial blood removed from another heaii; 
lung preparation. In similar manner were also produced local anoxe- 
mia and excess of CO2. 

In prolonged experiments the electrocardiogi’am was taken at inter- 
vals of two minutes ; in the case of administration of the quickly acting 
pitressin and cjmnide the records were run continuously. 

GENERAL CARDIAC ASPHYXIA 

(a) By Arrest of Pulmonary Ventilation. After having taken several 
normal electrocardiograms the respiratory pump would be stopped and 
the heart-lung preparation Avas gradually asphyxiated. At a degree of 
asphyxia Avhich corresponds to 50 per cent oxygen unsaturation of the 
blood, the heart starts to dilate and the blood pressure drojis. The ar- 
terial blood pressure could be, howevei’, easily adjusted by means of the 
variable resistance of the heart-lung apparatus. As asphyxia continues, 
this adjustment becomes more and more difficult and finally impossible. 
In some of our experiments asphyxia Avas carried to the stage at Avhich 
the arterial blood pressure dropped to about 50 mm. Hg. The aspliA^xia 
was terminated either by switching in the respiratory pump or by ad- 
ministration of freshly oxygenated blood. Usuallj^ the recoveiy of the 
heart was rapid and complete, but in a certain number of cases Avhere 
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the asphyxia was pushed too far the experiment ended by developmc 

of heart-block or of ventricular fibrillation. _ 

The changes observed in the electrocardiogi-ain in asphyxia ol Uie 
heart lung preparation in the early stages were similar to those noted by 
one of us in the intact animal."- The usual observation was an elevation 
or a depression of the H-T interval above or below the isoelectric level 
of the electrocardiogram. The ehange in the R-T interval in the present 
series of experiments on the heart-lung preparation was not very conspic- 
uous. In the early stages of asphyxia, up to the point of about 50 per cent 
oxygen saturation of the blood, there was usually a progi'essive diminu- 
tion in size of the T-wave in all leads. Further dcoxygciiation of the 
blood, below 50 per cent, was accompanied bj’’ an inversion of the T-wave, 
usually in Lead I, although inversion of the T-wave in all three leads 
was not uncommon. At about the .same time but sometimes only with 
further deoxj'gcnation, down to about 25 per cent oxygen saturation, the 
change in the R-T interval of the electrocardiogram was noted, which 
progressed unth the continuation of the asphyxia. The ehange consisted 
usually of a depression of the R-T interval in Lead I and an elevation in 
Lead III, although sometimes elevation in all leads or a depression in all 
leads occurred. 

Asphyxia in its later stages caused the heart to slow from ten to fifteen 
beats per minute. Tin's slowi?ig was accompanied bj^ a progressively in- 
creasing dilatation of the ventricles. The left side of the organ dilated 
more than the right during the early stages of asphyxia. An unmistak- 
able dilatation of the left ventricle began with about 40 per cent o.xygen 
saturation of the blood, and, at the time, the T-wave was found to be in- 
verted in Lead I. 

Resumption of the respiration or administration of fre.sh blood at any 
time before an extreme state of dilatation of the heart was reached 
caused a complete return of the electrocardiogram to normal. In some 
severe cases the recovei’y of the heart had to be assisted by massage. 

(h) By Pitressin. The vasoconstrictor action of pituitary extract and 
of pitressin on the coronary blood vessels is very considerable, as has 
been shown by several previous observers. In fact it is so conspicuous 
that the organ shows signs of acute deprivation of oxygen and all the 
symptoms of cardiac asphyxia. In our experiments injeetion into the 
general eireulation of the heart-lung preparation of 0.5 to 1.0 c.c. (P.D.) 
of pitressin had an effect very similar in character to that of asphvxia in 
regard to the general activity of the heart as well as the electrocardio- 
gram. Slowing of the heart usually began forty seconds after injection 

the ding and reached its maximum at about seventy seconds when the 
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GENERAL CARDIAC ANOXEMIA AND EXCESS OF CO2 

Anoxemia was proclnced either by administration of potassium cj^anide 
in doses wliieii would arrest tlie oxidative processes or by replacing the 
normal blood in the apiiaratus 1 ) 3 ' tborougbl}’- deox3'genatcd blood. In 



neither case were the changes in the electrocardiogram lilce those ob- 
served in asph3^xia. The T-wave became small in all leads and remained 
small until heart-block or ventricular fibrillation ensued. No change in 
the R-T interval was noted in our experiments, although in some of them 
anoxemia was allowed to continue until the heart dilated and the blood 
pressure fell much the same as it did in the ease of asphyxia. When 
fresh blood was substituted for the deox3^genated or for the cyanide 
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blood before flic ap])earance of complete heart-bloclc or of 
fibrillation, the physical appearance of the heart and the elect . 

gram returned to normal. _ _ 

The effect of COn on the heart was studied by substitutiipr oxyireiuded 

blood containinp; SO vol. per cent of carbon dioxide (Pn 0 .soon <i lei 
respiration had been shut ofl’. The blood when passed through the heart 
was collected and was not permitted to flow back into the venous re.ser- 
voir. Any effect on the electrocardiogram of the reduced o.xygen to the 
heart was thus avoided. There was a marked dilatation of the coronary 
vessels, and many extrasy.stoles aro.se in both ventricles and auricles. 
The heart dilated when exposed to the increased (.'Om tension and the 
output diminished. 3’hc elect rocardiogi'am showed runs of ext ras\ stoics. 
The extra.sy.sfoles were .often so numerous that the curves looked ns 
though the ventricles were fibrillating. However, wh(*n arterial blood vas 
substituted for blood containing COi; the curves returned to normal. 
Some of the records showed an increase in ventricular conduction time 
early in the experiments. The T-waves were high or deejily inverted. No 
change in the P-T interval was observed. 


LOCAL CAimiAC ASPHYXIA ANOXKMIA AND LXI'LS.S OP COo 


For these e.xperimcnts the three main branches of the coronary system 
were carefully di.ssectcd as clo.se to their origin as ])ossible. The right 
coronary artery, the circumflex branch, and fhe dc.scending branch of 
the left coronary artery were surrounded by ligatures by jiulling on 
which it was po.ssible to obstruct any of the three branches. Clamping 
of any of the coronary arteries ])roduced in our exjieriments varying pic- 
tures in the electrocardiogram in different animals. This is most prob- 
ably determined by the difl'crent development of the collateral circula- 
tion between the arteries. It has been .shown by previous observers that 
anastomoses in the coronary system, although well develojied in the dog's 
heart, show considerable variations from one animal to another.' 

Repeated clamping of the right coronary artery was ])crformcd in 
twelve animals. In six it showed an incrca.se in size of the 'T-wave in 
all leads. In five it produced an increase in the I'-Avavc in Load 1 with 
a decrease or an inversion of the wave in Lead Hi. In one case the 
T-wave was found to be inverted in Lead I and high in Ijcad III. In all 
cases, however, the R-T segment showed a slight depression in Lead I and 
an elevation in Lead III.' 


Clamping of the circumflex branch of the left coronary artery showed 
likewise many different effects in regard to tlie T-wave. The most com- 
mon one observed was a tendency to a lowering or an inversion of the 
i -wave in Lead I which was progre.ssive as the period of clamping in- 
c eased.- In some instances the T-wave remained unchano-ed and a 

^ated in Lead I; this change was u.sually so inarlced that the T-wave 
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branched from the QES complex. The S-T semnent was depressed in 
Lead III. 

Clamping of the descending branch of the left eoronary artery pro- 
duced the most variable changes of all vessels clamped.® Shortening of 
P-R interval or inversion of the P-Avave was of conunon occurrence. Fre- 
quently the heart rate slowed during the peinod of clamping. Inversion 
of the T-waA’’e in all leads was usually the conunon finding, although in- 
A'ersion in Lead I Avith an elcAmtion in Lead III occurred in a certain 
number of cases. A eonspieuous change in the R-T intei'A^al Avith an elc- 
A’-ation in all leads was most common, although an elevation of the S-T 
segment in Lead III and an iuA’^ersion of it in Lead I sometimes occurred. 
An increased duratioii of the QRS complex aa’-rs noted in the majority of 
our experiments indicating an involvement of the conducting system of 
the A'entrieles. 

Similarly to the ease of general asphyxia of the heart muscle, elamping 
of the eoronaiy artery also produces a eonglomerate of changes which 
cannot be interpreted Avithout further analysis. Too many factors op- 
erate simultaneously, and it is again difficult to decide Avhich of them 
are mainly responsible for the changes in the electrocardiogram. The 
immediate effect of clamping an arteiy is an acute drop of blood pressure 
in the peripheiy including the capillaries. We consider that this factor 
is of no significance in regard to the changes observed in the electro- 
cardiogram and this for the following reasons : A sudden drop of blood 
pressure in the perfused eoronary arteries of a heart lung preparation 
does not bring about any change in the electrocardiogram so long as this 
drop of blood pressixre is not sufficiently prolonged to bring about an 
asphyxial state. The maximum di’op of blood pressure ijei’ipherally to 
the place of elamping is observed within a very short time after the be- 
ginning of occlusion. The changes in the electrocardiogram, hoAvever, 
deA’'elop gi’adually and are progi’essh’-e. The cause of these changes must 
be looked for among those chemical processes which result on depriA-a- 
tion of the blood supplj’' and lead to fundamental disturbances of the 
cardiac actmty. Similarly to the general asphjoda in the case of clamp- 
ing an artery, we deal again with anoxemia, AA-ith accumulation in the 
tissues of Amrious IcnoAAUi products of metabolism such as carbonic and 
lactic acids and of other products hitherto unknoAAm but strong!}' sug- 
gested by A'arious obserA^ers.^^ The folloAAung attempts AAmre made to 
differentiate betAA’een the possible factors in order to find the one Avhich 
is responsible for the change in the R-T segment. The coronary arteries 
in the heart lung preparation AA'ere carefull}' dissected and prepared for 
insertion of cannulae.^® The cannulae Avere connected AA'ith a reservoir 
containing blood. By raising or lowering the reservoir the blood pres- 
sure in the perfused eoronary artery could be changed Avithin Avide 
limits. By changing the blood in the reservoir it Avas possible to perfuse 
the coronary artery AA'ith blood of any desired composition. In all the.se 
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experiments llic external Y’ork of Hie licarfwas consl ant that is, its ont- 
piit and the arterial resistance remained the same. The blooc pel Aisii ,, 
Ccolary artovios .as .annccl on the w from .he roscrvo.r to .ho 
same temperature as the blood entering the cavities of the heart. 



The switching over of the coronary blood supply from normal to the 
per usirni reservoir did not bring about any change in the elcctroeardio- 
gvam whatever. In several experiments the right and left coronary ar- 
teries were supplied from two different reservoirs so that asphyxial blood 
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could be introduced in one of tlie arteries wliile the other continued to be 
perfused with normal blood. 

Perfusion of the left coronary artery with asphyxial blood produced 
an inversion of the T-wave in Lead III and a high upright T-wave in 
Lead I. The R-T interval was elevated in Lead I and depressed in 
Lead III. 

Perfusion of the right coronary artei’y with asphyxial blood produced 
ail inversion of the T-wave in Lead I and an elevation of it in Leads II 
and III. The R-T interval was depressed in Lead I and elevated in 
Lead III. The side of the heart whicli was perfused with asphyxial blood 
showed unmistakable signs of dilatatioip and, if the perfusion was pro- 
longed, ventricular fibrillation took place. 



Fig. 3. — The effect on the electrocardiogram of perfusion of the right coronaiT 
arterj' with asphyxial blood. A, two minutes after perfusion began ; B, three minutes; 
C, four minutes ; D, five minutes. IVhen the ieft coronary arteiT "’as iJerfused, tlie 
opposite change occurred, elevation of the R-T segment in Lead I and depression of 
S-T segment in Lead III. 


In order to determine whether anoxemia was the sole operative factor 
in producing these changes, the coronary blood vessels were perfused 
with blood containing potassium cyanide in concentration of 1.0 millimol. 
Perfusion of either of the coronary blood vessels with cyanide blood did 
not produce changes in the electrocardiogram which were comparable 
vdth those resulting from perfusing with asphyxial blood. A decrease in 
size and an inversion of the T-waves in all leads was noted. In some ex- 
periments the perfusion with cyanide blood was carried until the point 
of prefibrillation was reached, but no definite changes in the E-T interval 
could be detected. 

Oxygenated blood containing 80 vol. per cent of carbon dioxide 
(Ph 7) was perfused through the coronary blood vessels. No change in 
the R-T interval took place, and the T-wave became conspicuous. There 
was noted a development of ventricular extrasystoles arising on the per- 
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fused side; they usually developed soon after the perfusion with COo 
rich blood was started and continued until fresh blood was readministered. 

The results of the experiments described in this comniuiiicatioii show 
that anoxemia and excess of CO2 acting on the heart seiiaratelj'’ fail to 
reproduce the electrocardiographic change seen in coronary asphyxia. 
At the present state of our laiowledge it is impossible to advance any 
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definite suggestion in regard to the real cause of the chances in the ]?, T 
nerval observed during asphyxia. It is possible that thf a?di“ 
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production of these metabolites, it would prevent their accumulation on 
account of being washed off with the blood supplying the capillaries. In- 
crease of COo in the blood would lead to an increased COo tension in 
the tissues, but on account of the oxygen still being present a large ac- 
cumulation especially of abnormal products of oxidation would not take 
place. In coronary occlusion, however, these metabolites would be 
produced and not washed out of the tissue. Just as in the case of ad- 
ministration of blood removed from an asphyxiated animal of another 
heart lung preparation, the metabolites in addition to those produced by 
the heart would be administered to the heart muscle from external 
sources. 

SUMMARY 

Perfusion of coronary arteries of the dog with asphyxial blood pro- 
duces changes in the eleetroeardiogi*am similar to but more marked than 
those produced by clamping the coronary arteries. These changes in the 
electrocardiogram are found to be comparable to those observed in coro- 
nary diseases in the human heart. Neither anoxemia nor excess of CO2 
separately produces the changes observed in asphyxia. Administration 
of cyanide, producing the severest form of anoxemia, also fails to produce 
these changes. 

It is suggested that the change in the R-T segment typical of experi- 
mental asphj^xia of the heart and probably of human coronary disease 
is due to a high concentration of locally produced metabolites. Perfusion 
■with anoxemie blood tends to lower or invert the T-waves of the electro- 
cardiogram in different leads depending upon which ventricle is affected. 
Excess of COo increases the size of the T-wave in all leads and causes a 
development of ventricular foci.^® 

The authors are indebted to Professor G. V. Anrep for his help and criticism dur- 
ing the performance of these experiments. 
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PAROXYSIklAL HYPERTENSION ASSOCIATED WITH A 
ONEUROjMA op the SUPRARENAL j\lEDIjLLA 


ganuli- 


Ew.lym Roqeus, M.D. 
New York, N. Y. 


T UjMORS of tlic suprarenal meclull.a have been noted in several cases 
ill conjunction vdtli paroxysmal lijiiertension, vasomotor and gas- 
tric disturbances, and other phenomena apparently dependent upon an 
autonomic imbalance. This association lias suggested a definite clinical 
sjavdrome, with the tumor as the etiological factor. Suprarenal medul- 
lary tumors have been classified by Oppenheimer and h ishberg' as : 
sympathoblastomas, composed of immature sympathoblasts; gangli- 
oneuromas, composed of relatively mature sympathetic ganglion cells: 
and paragangliomas, composed of apparently mature chromaffin cells. 
It has usually been in association with these latter tumors that paroxys- 
mal hj’pertcnsion has been recorded. Cases have been described as 
follows ; 

Labbe, Tinel and Doumcr-: A woman of twenty-eight years suffered 
from attacks initiated by malaise, pallor and coldness and extreme 
vasoconstriction of the extremities. Next occurred a sensation of 
epigastric constriction, with nausea and vomiting, followed by palpi- 
tation and increased heart rate. The attaclcs terminated with extreme 
vasodilatation and profuse sweating, leaving the patient exhausted. 
Between attacks the blood pressure was 15 systolic, 10 diastolic 
(Pachon sphygmomanometer). During attacks it rose to .systolic 
26-28, diastolic 16-19, in other words, to nearly double the ordinary 
pressure. Death occurred during an attack of pulmonary edema. 
Autopsy revealed a paraganglioma as the only significant finding. 

Labbe, Azerad and Yiollc^: A man of tAventy-ninc years for ten 
years had attacks similar to those of the previous case, associated with 
similar paroxysms of hypertension. A right hemiplegia re.sulted from 
one attack, and death occurred during another. Autopsy shoAved a 
paraganglioma of the suprarenal. 

Oberling and Jung^ : A A\mman of tAventy-eight years, near the end 
of a second pregnancy, had scAmre headache and some albuminuria. 
The blood pressure shoAved considerable fluctuations, 250 mm. sys- 
tolic and 190 mm. diastolic to 170 mm. systolic and 110 mm. diastoiic. 
Tlie delivery Avas normal, but the patient died shortly after in shock. 

At postmortem examination a paraganglioma of the left suprarenal 
Avas found. 

RabinL A man of forty-five years for many years had hypertension 
and ne rvous manifestations similar to those of exophthalmic goiter. 


anC the Dop.nrt- 
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The blood pressure was variable, from 226 mm. systolic and 108 mm. 
diastolic to 177 mm. systolic and 122 mm. diastolic. After a week of 
fever, he developed signs of meningitis, and died, with a clinical diag- 
nosis of Grave’s disease with chronic nephritis and hypertension. 
Autojjsy showed normal thyroid and kidneys; generalized arterio- 
sclerosis; cardiac hypertrophy; chronic passive congestion of the 
viscera; lung infarcts. There was a plieoehromoejdoma of tlie right 
suprarenal medulla, with areas of necrosis and hemorrhage and venous 
thrombi. Although definite i^aroxysms of hypertension with marked 
vasomotor disturbances were not noted, the marked variations in blood 
pressure with the evidences of autonomic imbalance are suggestive. 

Vaquez, Donzelot and GeraudeP’ "; Laubry A man of thirty-seven 
years suffered from attacks of scA’^erc abdominal and thoracic pain; 
marked Amsomotor disturbances and paroxysms of hypertension. He 
AA'^as treated Avdth radiotherapy to the lumbar region. The attacks 
disappeared, to recur six montlis later and to disappear again, folloAV- 
ing further iimadiation. They again recurred, and the patient died 
suddenly in a condition resembling that of uremic coma. Autopsy 
reA’’ealed a paraganglioma of the right suprarenal. The kidneys and 
other organs Avere normal. 

Shipley®: A Avoman of tAventy-six years had attacks consisting of 
precordial pain, palpitation, headache, nausea, Ammithig, diarrhea, 
Amsomotor phenomena and paroxysms of hypertension. She Avas oper- 
ated upon, AAuth remoAml of a paraganglioma of the right suprarenal. 
There aa^s considerable sliock attendant upon this operation, but the 
patient I’eeoA'-er uneventf idly, -and ten months later Avas still entirely 
free from attacks. 

: A Avoman of thirty years had attacks of dyspnea, jialpita- 
tion, thoz’acic and abdominal pain, headache, pallor, and numbness and 
coldness of the extremities. During attacks the blood pressure rose 
from 130 mm. systolic and 82 mm. diastolic to 300 mm. systolic and 
180 mm. diastolic. At operation a tumor, Avhich appeared to be an 
enormous sympathetic ganglion. Aims found behind the tail of the pan- 
creas, and remoAmd. Microscopically, it somcAvliat resembled a supra- 
renal cortical adenoma, but izms not characteristic and Azms finally 
diagnosed as a retroperitoneal malignant blastema. PolloAving the 
operation there Avas immediate, complete and permanent relief of sjmip- 
toms, and the systolic blood pressure Avas never foimd to exceed 
120 mm. 

Porter and Poi’ter^^: A man thh-ty-nine years old had had attacks, 
precipitated especially by lying on the left side, of nausea and ashen 
pallor, during Avhieh the blood pressure rose from a systolic of 110 
to more than 200 mm. in 90 seconds. At operation an alveolar carci- 
noma of the adrenal cortex Avas found. The operation AAms folloAved 
by pi’ofound shock, but the patient made a complete recovery; there 
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was no reeuiTcnee of Ihe attacks, and he eonkl lie on the left side 
without discomfort. 

In six of the above eight eases a tumor of the .suprat'cnal medulla 
was demonstrated at autopsy or at operation. In tins connection 
Rabin’s conclusions, drawn from a scries'’ of 30 eases of such tumors, 
are of considerable interest; The tumor is a ncoiilastic growth, benign, 
encapsulated, nonmetastatic. which has a cellular structure similar to 
that of the normal suprarenal medulla. It appcai-s to be. actively secre- 
tory; the chromaffin reaction evidences a strong reducing substance 
probably epinephrine. Kpinephrinc was always present vlien Qualitii- 
tive tests were made. Quantitatively, it was found in larger amounts 


than in the normal suprarenal. Other associated findings were; nine 
cases of hyportcn.sion indcjiendent of renal disease; aiderioselerosis 
found I'egularly in the cases associated with hypertension; glycosuria 
in four cases, in two of which the pancreas was proved normal at 


autopsy, in the, other two of which its condition was not stated; many 
cases .showing symptoms of va.somotor or .sympathetic in.st ability or 
severe shock incommcn.surate with its apparent cause: four cases of 
neurofibromatoses. Rabin points out that although epinephrin could 
cause many of these symptoms, yet increased absorption has never 
been proved, although the vascularity of the tumoi' is .sugge.stive; proof 
of a casual relationship between the tumor and the clinical .state re- 
quires the demonstration of a hj'peradrenalinemia. which is not po.s- 
sible with present methods. 

Vaquez, Donzclot and Gernudel' point out that the explanation be- 
comes moi’c complicated in the ca.se of a cortical tumor, which throws 
di.scredit on the theory of Inq^cradrenalinemia. They feel that thi.s 
argument becomes less impoi'tant if one considers there is grave doubt 
as to the cmbryologieal and physiological duality of the .snp 7 *arenal 
parenchyma. 

In explanation of the gastric s>nnptoms, Labbe. Ti)iel and Doumer 
suggest either mechanical irritation by the tumor or more probably 
a local vasoconstrictive crisis associated with the peripheral vasocon- 
striction. 


REPORT OF CASE 

Patient L. Z., male, aged forty-.six rears, an Italian furrier, was admitted to liie 
Pir.st Medical Division of tlie New York Hospital on Nov. fi, 19.30. 

The family history and past history were not significant. 

Por nine years the p.aticut had been .subjeet to attaeka of nausea, vomiting, 
numbness, dizziness and p.allor, followed by flashing and profuse sweating. During 
the past two or three years the following other conditions had arisen- (1) Scvor.al 
sore throats diagnosed as tonsillitis. (2) Slight cough and occasional hemoptysis. 
(The sputum was repeatedly negative for tubercle bacilli.) (.3) Polydipsia, pohmria, 
noctuna, polyphagia and occasional intense itching. (4) Loss of twenty pounds in 
T^oig it. (.')) Loss of sexual power. (6) Palpitations, not related to effort. 

Phi/stcal Pccoininotioa— The patient was a moder.'itely n-ell nourished man forty- 
six 3 ears old, with florid complexion and grayi.sh white hair, who appeared older 
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than his given age. Tlie significant findings included: (1) Enlargement of the 
heart to the left (12.5 cm.). Bate 90, rhythm regular. (2) Tliere ivas a soft systolic 
murmur at the apex, and at the riglit of the sternum in the second intercostal space. 
(3) The arteries were markedly sclerotic. Ophthalmoscopic examination showed 
marked arteriosclerosis and endarteritis, haziness of the discs, scars of old hemor- 
rhages and several fresh hemorrhages. (4) The blood pressure on admission was 
160 mm. systolic, 120 mm. diastolic. (5) The liver edge was palpable below the right 
costal margin. (6) A mass in the left upper quadrant, thought to be spleen, was 
palpable on deep inspiration. 

Deiailed Account of Attacks. — Sometimes precipitated by turning or bending, at 
other times without discernible cause, the attacks would grip the patient with start- 
ling suddenness. At the onset the patient Avould become weak and dizzy_, and com- 
plain of numbness of the extremities; his usual florid coloring would change com- 
pletely to one of marked pallor, and the extremities would become cold and hare a 
mottled appearance. Soon there would be a feeling of nausea frequently followed 
by vomiting. Later, w'ith relief of the subjective sensations, the patient would be- 
come very flushed and a profuse diaphoresis would occur, such as to drench the 
clothing and bed. Marked fluctuations in blood pressure accompanied these symp- 
toms, for example, immediately after the onset of one attack, the blood pressure 
was found to be 280 mm. systolic and 180 mm. diastolic. The patient complained 
of numbness, Aveakness and nausea. He denied pain, headache or visual disturbance. 
He Avas pale and the extremities were cold and had a mottled purplish appearance. 
There Avas a moderate tremor of the hands. The apex beat Avas forcible, the rate 
100, regular in rlijiilim. Ten minutes later the blood pressure was 250 mm. systolic 
and 150 mm. diastolic. There Avas marked subjecth’e improvement, the color be- 
came flushed and there AA-as a diaphoresis. The pulse AA-as 90, regular in time, but 
alternate beats felt strong and Aveak. Thirty minutes after the onset the blood 
pressure Avas 130 mm. systolic and 98 mm. diastolic. The pulse rate Avas 100. Fifteen 
minutes later a similar attack occurred, the blood pressure reaching 270 mm. systolic 
and ISO mm. diastolic. It fell in twenty minutes to 118 mm. systolic and 90 mm. 
diastolic. 

At times the attacks assumed a milder form, consisting of either vasomotor or 
gastric disturbances alone, or of any combination of the tAvo. They occurred fre- 
quentlj', sometimes several times a day. As stated above, the only causative factor 
which the patient had noticed in this connection Avas change in position, and for 
years he had been afraid to lie on his loft side lest this should precipitate an attack. 

Laboratory 'Findings . — ^Blood count: red cells 4,750,000, hemoglobin 65 per cent, 
white cells 11,600, poljmuclears 75 per cent, lymphocytes 25 per cent. Urine: cloud 
of albumin, sugar four plus, no acetone. Blood sugar 375 mg. per 100 c.c. Blood 
urea nitrogen 13 mg. per 100 c.c. Blood Wassermann reaction negative. Sputum 
negathm on three occasions for tubercle bacilli. X-ray films of lungs shOAved no 
evidence of pulmonary disease but did shOAV what AA'as apparently a muscular weak- 
ness of the left diaphragm, confirmed by fluoroscopy, and suggestive of an early 
eventration. Fluoroscopy of stomach showed a narrowed appearance of the antrum. 
There was a large indefinite mass on the left, thought possibly to be spleen. Basal 
metabolic rate 23 per cent above .average normal. Bed test for kidney function: 
35 per cent excretion of the dye tAVO hours after intramuscular injection. Pulse 
rate 70-100. SuecessHe electrocardiograms on Amrious occasions shoAved many varia- 
tions: Normal sinus rhytlim; premature auricular beats; inversion of T-wave of 
coronary type in the first two leads; no inA'ersion; left axis dcAuation of QES; no 
axis deviation of QES. 

Course . — The patient Avas given a diabetic diet and insulin. It Avas found rather 
difiicult at times to differentiate a mild attack of the patient’s usual type from mild 
insulin shock. Before discharge there AA-as occasionally one or tAVO plus sugar in the 
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early morning speciinen. The others were negative. The blood sugar was 180 mg. 
on discharge. The diet was carhohydrnto 140 gm., protein SO gm., fat 70 gm. 
Insulin 02 units a day. During the patient’s stay the attacks diminished in fre- 
quency and intensity, hut were still troublesome. He was discharged Dec. 0, 1930. 

Because the patient’s clinical .syndrome of vasomotor and gastric disturbances, 
associated with signs of instability of the voget.'itive nervous system, cspeci.allj the 
paroxysmal hypertension, so closely resembled the syndrome associated with c.nscs 
of suprarenal tumor ns described in the literature, it was believed that the patient 
was .suffering from this condition. The exact etiology of the hyperglycemia^ and 
glycosuria could not be determined. The possibilities were considered of an inde- 
pendent di.abetes; of .a sclerosis of the pancreas associated with the marked arterio- 
sclerosis found elsewhere; of a hyperglycemia de]>endcut upon .a hyperadrcnalinemia. 
On tho basis of .a diagnosis of adrenal tumor the advisability was considered of 
surgical removal of the tumor, as was done succe.ssfully in tho cases cited above. 
However, it was felt that the patient’s general condition was not good enough to 
warrant operative interference. .Such cases arc at best subject to severe shock from 
even minor operative procedures, and the present case was complicated by the diabetic 
condition and the marked arteriosclerosis. As Laubry obtained consider.'iblo relief 
in a similar case by irradiation of tho adrenal region, it was decided to use x-ray 
treatment in tho present case, after which, if iinj)rovement occurred, surgery might 
be reconsidered. 

Under the supervision of Dr. .Tohn It. Carty x-ray treatment was given as fol- 
lows: “Aledium wave aluminum filtered radiation at 130 K.V.P. applied posteriorly 
over the suprarenal region on each side. Each area received four treatments from 
Feb. 11, 1931, to April 22, 1931, .averaging apjiroximately threc-(iuarters of a skin 
or’i'thema dose at each treatment. Slight improvement w.ns noted following the last 
treatment; subscfiuently the jiatient went downhill.” 

TIio attacks continued during tlie treatment. Following the development of an 
infection of the hand and a corneal ulcer, hospitalization was advised, but declined, 
as the patient felt he must try to continue work. lie could not follow dietary direc- 
tions, so continued to have glycosuri.a, jmlydipsia and jmlyuria. .Tuly 12, 1931, he 
re-entered the hospital in a moril)und condition. There was congestive heart failure 
with dyspnea, orthopnea, vomiting, jiulmonary congestion, i)leural effusion and edema. 
He died within two hours of admission. 

Autoiisy Findings. — Heart: hypertrophied, weighing GOO gm. Aorta: marked 
atheroma. Lungs: congested. Bilateral pleural effusion. Stomach: dil.ated with 
four liters of dirty yellow fluid. Liver: congested. Spleen: thickening of arterial 
and arteriolar walls. Pancreas: normal exce])t .slight increase in fibrous tissue and 
thickening of the walls of the smaller .arteries. The islands of Langerhans were 
well marked and normal iir appearance. Kidneys: the cortex was somewhat reduced 
on section, and microscopically there were changes compatible with mild chronic 
vascular nephritis. Bight adrcn.al: normal. 

A tumor, the size of a large grapefruit, was found retroperitouoally in the left 
upper quadr.ant, displacing the kidney downward and the left dome of the diaphragm 
upward. The tumor derived its blood .supply from tho abdominal aorta, above the 
loft renal artery. It was attached by a pedicle to the midline structures. In re- 
moving it a portion of what was apparently the left adrenal was found in tho adja- 
cent tissues, but its exact relation to the tumor could not be demonstrated. Tho 
smooth surface of the tumor was covered with dilated veins, and there was .a thick 
fibrous c.apsule. There were a few cysts just inside the capsule and tho center of 
the mass was necrotic. Microscopically, the tumor was composed of masses of cells 
h.avmg a r.ather striking resemblance to those of the supr.aronal medulla. The cells 
wore barge, irregular, with bluish staining cytoplasm which strung out into fibrils 
ilio large ovoid nuclei h.ad prominent nucleoli. Tho cells were arranged looselv in 
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lobes and lobules with dense fibrous capsules. Their resemblance to nerve tissue 
ganglionic cells would seem to point to ganglioneuroma, originating in the adrenal 
medulla, as the most probable diagnosis. A stain for cliromaffinity was negative. 

The left adrenal was found among the tissues adjacent to the tumor as pre- 
viously described. Microscopically, it shoived normal cortical and medullary cells, 
but near its torn edge appeared a heaping up of the medullary cells to form an 
abnormal looking nodule surrounded by thinned-out cortex. In the light of the re- 
semblance of these cells to those of the tumor this hj^rerplasia would seem significant. 

SUMMARY 

1. A review lias been given of several cases of suprarenal medullary 
tumors, one cortical tumor and one retroperitoneal malignant blastema, 
somewhat resembling a suprarenal tumor, which were associated with 
paroxysmal hypertension, gastric disturbances, and various symptoms 
of imbalance of the vegetative neiwous system. 

2. A report has been given of a ease of ganglioneuroma of the supra- 
renal medulla associated with evidences of imbalance of the vegetative 
nervous system: (a) vasomotor phenomena, notably paroxysms of 
hypertension, followed by profuse sweating; (b) disturbance of the 
carbohydrate metabolism in the absence of a pancreatic le.sioii; (c) 
elevation of the basal metabolic rate; (d) gastric disturbances. 

3. Treatment: Medical treatment has imiversally been reported as 
ineffectual. X-ray therapy was palliative but not curative in the ease 
of Vaquez®’ ^ and Laubry.® In the present case it was only slightly 
palliative. Surgical removal of the tumor has produced a cure in three 
eases and seems the most promising mode of treatment. 
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AN AI^rPLlPIER FOR HEART SOUNDS OPERATING ON ALTER- 
NATING CURRENT^’ 

Frakklin D. Johnston, M.D., and Lawrknck I. BAuniER, A.B., 

Ann Arbor, Mich. 

V ACUIBI lube amplifiers for liearl soinuls employing either multiple 
headplioues or a loud-speaker, have been described by many -workers 
during the past decade. In Ibis country interest in the amplification 
and registration of heart sounds was stimulated by the Avork of Wil- 
liams* and Squier, repoi'ted by "Winters,- in 1921. W itbin the next five 
years Cabot,'* Cabot and Dodge,-' Frederick and Dodge.'’’ Gamble,® and 
Gamble and Replogle" contributed valuable work in this field. Wore re- 
cently W’aAid® has described an easily constructed amplifier which enables 
a number of pcr.sons to listen to greatly amplified heart sounds or mur- 
murs. In Europe even more extensive work has been done with amplifiers 
of body sounds. In Germany, Bass," Trendelenburg,*" Schemin/.ky,** 
Picrach,’= Landes, *■■* Schwarz*-' and others have reported excellent work, 
Duchosal*'* and Duchosal and IMozer*" have done outstanding work in 
Switzerland. 

j\tost of the amplifiers that have been devised are bulky and hardly 
portable. This has been true largely because of the fact that they are 
energized by direct current, necc.ssitating the use of batteries. In this 
paper the authors wish to de.scribc an amplifier Avhich operates on the 
ordinary alternating current .supply and for -which no accessory bat- 
teries are required. Furtherinoi’e, the outfit is constructed entirely 
of parts Avhich may be obtained from any radio supply house. It can 
be built by anyone at all handy with tools for a cost of not over thirty- 
five dollars. 

The entire amplifier and loud-s])eakor are housed in a sturdy box of 
the type designed for portable i-adio sets. This case measures IS by 11 
by 30 inches and is procurable at radio supply houses. Fig. 1 .shows the 
amplifier with the front piece Avhich protects the control knobs removed. 
A SAvitch for the alternating current supply is seen near the middle 
of the panel. BeloAv it is the potentiometer input control. To the left 
are four jacks, one for the input and three for headifiioncs in the output 
circuit. The control at the extreme left regulates the volume in the 
headphones. 

A modification of the Avell knoAvn Loftiu-Wliite direct coupled ampli- 
fier is used. Examination of the circuit diagram (Pig. 2) shoAvs that 
m addition to the usual screen grid tube directly coupled to a poAver 
amplifie r an additional screen grid tube is employed. This tube is 

•Prom the Department of Internal Medicine, University of Michigan Medical School. 
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rcsistance-coniilecl 1o tlie ollicrs and adds niatoriaily to the sonsitivitv 
of tlic outfit. Tiie constants of tlic re.sistanecs and condensers needed 
are also shown in the figure. It should be pointed out that the resistance 
]?. .9 which must have a value of 4S00 olnns is obtained by using the field 
of the dynamic s]K‘akcr and a suitable resistance either in parallel or 
in scries with it, so that the total resi.stance of the combination will 
have the desired value. The .sj)cakci' lliat Avas employed in our unit 
has a field resistance of oOOO olnns. To bring the resistance down to 


' rf 

B 
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4300 ohms it was necessary to shunt the held Avith a resistance of about 
30,000 ohms. 

The chief difficulty encountered in the construction of the amplifier 
operating on alternating current is the elimination of the sixty cycle 
hum. The operation of our amplifier is quite satisfactory in this respect. 
The alternating eui’rent hum is scarcely audible in the loud-speaker 
and even Avith the headphones it is not objectionable until the Amlume 
is greatly increased. The large capacity of the filter condensers C 5 
and C 6 and the careful grounding of the circuit at all points indicated 
are important faetoi's in the elimination of alternating current hum. 
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An amplifier of the type tlescribccl lias an excellent, fidelity curve. In 
other AvordSj it amplifies vithont di.sfortion over a vide frequency ran<i:e. 
The results obtained vith even the be.st of amplifiers, however, are not 
good unless a microphone with an equally good frequency response is 
employed. IMicrophones of the carbon, electromagnetic and eonden.ser 



t3T)es Avere tried, but the latter Avas by far the most satisfaetory. Carbon 
microphones, although they are very sensitive and have a fairly o-ood 
irequency response, are noisy. Several tyiies of electromagnetic imits 
were tried biit none was found Avhieli gave good quality and was at the 
same time sufficiently sensitive. The condenser mierophoiie responds 
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eqiiallj" to sounds varying from 30 up to several tliousaud cycles per 
second, and, as Cabot and Dodge’ have shown, practically all cardiac 
sounds fall within this range. In addition to ils excellent fidelity the 
condenser microphone is very sensitive. Unfortunately this microphone 
is not only the most expensive of tlie three types, but it requires the 
use of an additional tube amplifier which employs a direct current 
supply. 

In using the condenser microphone it was found that if the instru- 
ment was placed directly’ on the chc.st wall many murmurs were very 
poorly reproduced. Apparentlj' this was due to damping effects within 
the closed microphone chamber. At any rate the difficulty was obviated 
bj" connecting the microphone to a short piece of rubber tubing ending 
in an ordinary stethoscope bell. Pig. 1 shows the microphone and tub- 
ing arrangement suspended above the ami^lifier. 

The rubber tubing emploj-cd Avas about eighteen inches long and had 
an inside diameter of about one-quarter inch. It Avas fastened to the 
microphone by means of a glass connector Avliich fitted snugly into a 
thin cork disk of large diameter. The cork Avas firmly held to a sponge 
rubber ring (AA’hieh had been glued to the microphone chamber) by 
means of rubber bauds. At the otJier end of the tube different types of 
stethoscope bells Avere attached, as shoAA’n in Fig. 1. The volume of the 
amplified sounds Avas reduced materially Avlien compared AAuth the 
Amlume obtained Avith the microphone directly on the chest AA-all. 
Further investigation of the acoustic properties of the sound conducting 
sj^^stem and various types of stetho.seope attachments is in progress. 

It should be mentioned that, Avhen any amplifier haA'ing a loud-speaker 
is used, precautions may be necessary to eliminate “feed-back” from 
the speaker to the microphone. This feed-back causes hoAAding and 
renders satisfactory oi^eration .impossible. With an extremely sensi- 
th’^e amplifier and microphone, such as aa^c have described, complete re- 
moAml of the feed-back is surprisingly difficult. The remedy quite ob- 
viously consists in jAreventing exti-aneous noise from entering the micro- 
phone. This may be accomplished by careful shielding of the micro- 
phone or bj’- increasing the distance betAA^een amplifier and microphone 
until hoAAding no longer occurs. 

It should be emphasized, perhaps, that, although the amplifier (except 
for the single eell-1^ Amlt grid bias) operates entirely on alternating 
current, AAffien the condenser microphone is used, batteries to supply 
the accessory Amcuum tube are -required. It is possible that further 
studies maj' enable us to use an alternating current supplj”" for the 
microphone also. 

When the condenser microphone is used with the amplifier, the 
Amlume of the amplified sounds is sufficient to enable them to be heard 
in a large room, and Ave belieA^e that the instrument should be of con- 
siderable Amine for teaching pui’poses. While amplifiers that employ 
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niultiple lieadpliones have the advantage that the sounds come to the 
ear through rubber tubing and are consequently similar to sounds heard 
through a stethoscope, nevertheless an amplifier employing a loud- 
speaker is in many ways more practicable for use in teaching. 

SUMMARY 

A sensitive audio-frequency amplifier with a loud-speaker operating 
on alternating current and suitable for the amplification of heart sounds 
and murmurs is described. The condenser microphone has been found 
to be superior to other microphones for use with the anqolifier. 

The authors wish to aekiioAvledge their indebtedness to Professor L. N. Holland of 
the Electrical Engineering Department of the University for his kindness in loaning 
the condenser microphone and for his helpful suggestions. We also wish to express 
to Dr. Erank N. Wilson our appreciation for his interest and assistance which have 
been invaluable in the completion of this work. 
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cnx(;i-:xiTAL iiKAirr diskasic 

CdiJ 

M. A. Kfoix. M.D. 

Vonic, X. V. 

^ I <‘xlr»‘inc nirity of juirf- ltil()culnt<’ licjirLs" wamitits flu* report of a 
sintrlo cji.M*. Al)li!»tt’ jji Jior Ntjitistifvil stilly of 1.000 eouiro/iitnl 
hearts analyzeil ojily iiino cases of this aitoriialy. 'Die .x-ray and ann- 
toniical finding's ot tJie case to he dcs<'ribed ;irc as iiislriictive as they are 
unusual. 

in:i'of!T 

]>., male, aeed iVmr admitted .fnmi.arv 2i>, IP.'JL’, died .fariiiarv ‘Ji% ]!>e2. 

Cliirf Vomphiir.t : Iu,v|ini'a. I'ninihi Jdftori/: .Vi'tj.nttve. J’nx! //tVtur//; Tlic 
I'liild had liecn a ‘‘(jIiii' |ial>y” ."iitfe Idrtli atid had ;;aiiied \vci;:ht verv slowlv, lie 
las'.'itiie <lv,-<j(rieit' nti tta- day nf admix'.ion .and h.';;.'!!! f<i {'(i.'tm at the rimtiOi. TIio 
child w;is in istrrini.-: v. lieii l>reti;;Iit to the Iu'<.|>it:il. J'lii/si^id K'loninnlinn : A nia* 
MTitie infant, tnarkedly i-y;in<>l ie and fta.spiii},' for hreath. The heart was on the 
ritjht side, 'I’her<' were no mnrmtir.s heard, TJie tiniter nail< Wi'ro ciirced, .•'tifrpcstivo 
of eliilfoiiif'. 'I’hc liver u;is eiiharj^ed. The (diihl tvas glared in an oxygon tont, /;iven 
stiinnhition, hnt expired an hour and n half after ndnii-;sion. 

Idirntf/, n I'xamiimtion : .\n ex.-iniination of the ehesf .showed the he.arl to he 
almost entirely on the riftht .side. It was tnarhedly entar(;>(l. reaehint: the axillary 
line on the rifjht. It w.as ^jhdiular in shape, with tin irreftnlarity on it.s upper ripht 
marpin. (I'ip. I.) The apjie-aranee wa.s that <if a eonpenital heart with dextro- 
eardia. 'J'lu're w-a.s nidy one larpe ve.«'-e| nrisinp from the hn.se of the heart. This 
r.an upward and de.seended to the ripht, di,‘;:ippearlnp in the .shadow of the vertebral 
eoliimn. 

Poshnortt m T’xionination : (l’erforme<l by Dr. K. D. fJreeii.span and Dr. .S. Klein.) 
'i'lie body xvas that of ;i fairly wadi developed ami xvell nouri.shed infant of four 
monfb.s. There iv.a,s- no ripor morti.s. There w.a.s* nmrJied acroeyano.si.s. TJje fonta- 
nellos were open and depres.sed. Doth le.stiele.s were deseended. yeeJ:: There xva.s a 
larpe snperticial hematoma in the left side of the neck, the result of an attempt at 
phlebotomy. Ahdomin: Xo free fluid pre.seiit. Tlic intestiue.s, below the duodono- 
jejunal junction, were in their normal po.sition. The liver cxtoiidod two fnigcr- 
breadths below the costal innrpin and xvns seen to extend across the entire width of 
the abdomen. Chest; Both dinphrapmatic Icavo.s readied the sixth rib. Ko free 
fluid iu cither pleural cavity. Thpmus; Normal in size, position and appearance. 
Lungs: The hinps were divided into supernumerary lohes, ns follows: The right 
lower lobe was divided b 3 ' incomplete flssurc.s into three lobes; tlie right middle lobe, 
into txvo lobes; the right upper lobe, into three lobes; the left lower lobe, into three 
lobes, Tlicre xvas a loft middle lobe wliidi xv.ns divided into two portions bj* a deep 
fissure. The left upper lobe consisted of onh' one lobe. The pleura xvas snioofh 

•From the Dlvbslon of Laboratories ami of Ratllolos-y of Tiie Slount Sinai Hospital, 
New’ Tork, N. Y. 

(Aided by a srrant from tbc Lucius N. LiUniier Fund.) 
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and glistening. Tlic surface of the lungs, for the most part, u-as pinkish reel with 
dark blue lobular markings. Several of the small lobes, especially those located 
posteriorly, were firm, dark blue and did not crepitate. The remainder of the 
lungs was only fairly well aerated. Gastrointestinal Traci : The esophagus was lo- 
cated on the right side of the vertebral column and appeared grossly normal. The 
lower end of the esophagus passed through the right crux of the diaphragm. The 
greater curvature of the stomach was on the right, the lessor curvature reached the 



Pig. 1.— Roentgen-raj' appearance of cliest showing congenital lieart with dextrocardia 

and single large arterial trunk. 
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Fig. 3. — Coronal slabs cut through paraffinized heart. Anterior third (1), midpor- 
tion, anterior vieiv (2), midportion, posterior view (3), posterior third (t) of the 
heart showing common ventricle with rudimentary interventricular septum (A), com- 
mon auriculoventricular ostium (B), with the four auriculoventricular cusps (C), coni- 
mon auricle (D) with hyperplastic eustachlan valve (E), common pulmonaiT '''em 
(P), truncus solltarius aorticus (G), atresic pulmonarj' arterj^ (H), right and leu 
branches of the pulmonary arterj' (K), patent ductus arteriosus (L). 
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p.,.e..ea many pirnmnd sinnd grnyW. nodnln, on n 

Un o»a 0P1™« 'T m d l.erte“insTb'low and rcLoing 

omentum, extending from cnrdi.v o py onus, . ,/,uilnted soft pink mnss, nbout 
bonnekesf^tk. jstioep^^^ «:„es it. 

L':u;",r It r;,; :::zo;,o..j r.o ---- - " 

capsule was not thickened and its color ^^as a uni oim < p p 
lixer bad n rubbery consistoney nnd on out scetibn rvas pole brou-n, someirlmt 
^TpmeLd a I omogeueons surface. The gall bladder and duet system tve.e 
ZrZ The gall UadL mas attached to the right lobe of the liver. Pa.erensi 
"pancreas L. normal in sice and consistency, but its position was abn.rmak 
The head lay on the anterior surface of the second portion of tho duodenum, the neck 
lay behind this portion of the duodenum, and the body and tail extended to the 
right. Kidney: The kidneys were slightly enlarged and the capsule stripped easi). 



Fig. 4. — Anomalous venous circulation in the lungs. 


Except for a marked congestion, they appeared normal. The ureters, bladder and 
prostate appeared normal. Adrenal: Tlic adrenals were normal in size, shape and 
position. They were markedly congested. 

Heart: The pericardial sac and contents were located entireljf in tlie right chest. 
The long axis extended from left to right. There was no excess of pericardial 
fluid, and the pericardial lining was smooth and glistening. 

The heart was enlarged and its apex ivas situated in the right part of the 
chest. A truncus solitarius aortieus arose from the bulbus cordis and coursed up- 
wards and to the right over the right main bronchus, giving rise in its usual order 
to the innominate, carotid and subclavian arteries (Eig. 2). This vessel possessed 
three valve leaflets and two coronary artery orifices. The ductus arteriosus was 
patent and divided a short distance from its aortic origin into two branches, one 
going to the right and the other to the left lung. The pulmonary artery was atresic 
at Its base. Its distal extremity became continuous ivith the branch of the ductus 
arteriosus which coursed to the right lung. 

In order to preserve the topographic relations of the heart cavities, the organ 
was paraffinized according to the method of Gross and Leslie^ and sectioned ■ into 
three coronal slabs, i. e., anterior, midportion and posterior (Eig. 3). An evamiaa- 
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tion of those slabs showed the lieart to be two chambered. A common pulmonary vein 
entered into the left upper part of a common auricle. At the right and posterior 
part of this common auricle the superior and inferior vena cava entered and were 
separated from each other on the inner aspect of the auricle by a hyperplastic 
eustachian valve. 

A common auriculoventricular ostium led into a single %'entricular chamber. The 
walls of the auriculoventricular ostium bore four auriculoventricular cusps. The base 
of the ventricle had a small round elevation which represents the primitive inter- 
ventricular septum. A muscular ridge arising from the base of the common ventricle 
and to the right of the primitive interventricular septum extended up the right 
lateral wall of the common ventricle to be inserted at the base of the aorta (Fig. 2). 

The inferior vena cava was situated on the left side of the vertebral column. The 
aorta was smooth and elastic and was located in front and to the right of the in- 
ferior vena cava. The tributaries of the aorta were normal in position, except that 
the orifice of the celiac vessels was relatively narrow. 

The venous circulation of the lungs also jiresented unusual anomalies (Fig. 4). 
The larger venous channels from all the lobes of the left lung united into one broad 
venous channel which crossed to the right and became continuous with a large venous 
sinus draining the right lung. This large venous channel continued cephalad and to 
the left to empty into the common auricle. 

Anatomical Diagnosis: 

1. Congenital heart disease. 

Cor biloculare (situs inversus cordis ) ; 

Pulmonary artery atresia; 

Truncus solitarius aorticus (patent ductus arteriosus) ; 

Common auricle with absence of interauricular septum; 

Hyperplastic eustachian valve; 

Common pulmonary vein; 

Common auriculoventricular ostium with four auriculoventricular cusps; 

2. Situs inversus of esophagus and stomach. 

3. Supernumerary fissures and lobes of both lungs. 

4. Anomalous rotation of pancreas and duodenum. 

5. Congenital absence of spleen. 

6. Pulmonary congestion, edema and atelectasis. 

7. Congestion of viscera. 


SUMMARY 

The intex’esting featui'es of this case, aside fi’om its great I’arity, are 
the presence of the four auriculoventricular valves xvliieh I’epresent the 
primitive endocardial cushions, the hj^oerplastic eustachian valve, the 
common pulmonary vein and the unusual venous circulation of the 
lungs. An examination of the roentgenogram of the chest revealed only 
a single large arteiy going upward and descending to the right. 

The author is indebted to Dr. Louis Gross and to Dr. Maude E. Abbott for their 
review of this case and to Dr. Bela Schick for the use of the clinical data. 

REFERENCES 

1. Abbott, M. E.: Congenital Heart Disease, Nelson’s Looseleaf Medicine 4: 207, 

1932. 

2. Gross, L., and Leslie, E.: Paraffin Infiltration of Hearts, Am. Heart J. 6: 665, 

1931. 



YENTinCULAE TACHYCARDIA YHTH ALTERXATING 

CO^^IPLEXES^ 

Taski:u llowAun. IM-.D. 

BllOOKliVN'., X, Y. 

TN THE Iasi ton years nineteen instnnees oi l)i{lireetinnal vontrieulni 
i tacliycardia have been aoseri!)e(l. Strauss' in H):E) listed the reported 
cases, and since that time Clarke- has added aimllier. ^lost of the eases 


v;uov-o, ' ^ 1 T 1 

u-ere attributed to the action of diiritalis. Home of them could scarcely 



have been explained on this basis. Tl)cre are ]>rohahly other recorded 
cases buried in tlic literature luidcr other titles. A ease of this tyju'. re- 
cently encountered in the Long Island College Hospital, presents some 
features which seem worthy of note. 


iU!.ruH A 


Ikt. L. (nospUal No. 22', 8) Ainerii'.nji born, .n widower, n laborer by oee»ii,ation, 
was admitted to tbo Long Island College Ilosidfal, April -1. 1022, oomplaiiiiug of 
sliortness of breath and swelling of the legs. 

rolyarthrilis lasting for two 

fev”, T f *"G'-s>-v and thirty-eiglit years he hud reenrrenees of the rheumatic 
fever lasting several months each time. lo'i.uit 

'From tlio Medical Service of the Loiif: l.sl„„d CoUeno llospltnl. 
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After the third attack he began to notice dyspnea on effort, a tendency to cough, 
and a variable bluish tinge to the skin. 

Two years before admission he coughed up about a cupful of blood, and was 
taken to a hospital, where he remained nine weeks. He tried to return to work once 
but was unable to continue because of increasing dyspnea and palpitation. Six 
months before admission he had another hemoptysis. Swelling of the ankles came on 
about one month before admission. Ho was admitted to another hospital at this 
time, and stayed about two weeks. For two years he had been taking digitalis 
tablets continuously, from one to four a da}'. 




Fig". 3. — Lead III. April 9, 1932. End of a long paroxysm, followed by two 
paroxysms of three beats. Note the "normal” type of complex that occurs after 
each long pause, suggesting elapse of sufficient time for recovery of conductivity. 
(Cf. Robinson, G. C. : Arch. Int, Med. IS: 380, 1916.) 


On examination: The temperature was 98.2°, pulse 120, respiration 42, blood 
pressure 100 mm, systolic, 75 mm. diastolic. He was orthopneic and cyanotic. The 
heart was enlarged, the borders being 5 cm. to the right and 12 cm. to the left 
of the midline. At the apex there was a rough systolic murmur and no second 
sound or diastolic murmur. Ho murmurs were heard at the base. The pulmonic 
second sound was accentuated. The rhythm was that of auricular fibrillation. 

The lungs showed scattered musical rales and moist rales at the bases. The liver 
was enlarged and there was a dependent edema. 

The day after admission the patient suffered a sudden pain in the right side 
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o£ the chest, followed by some heiooptysis and stKiis of lui infarct. Tiic.sc Rr.adunlly 
cleared up. 

Course and Trcafuient: Dipjitalis wtis evidently indicated by the ra]iid heart, 
rate in the presence of auricular fibrillation and con},H-.«tivc heart failure. It was 
known that ho had been KeltinR digitalis, but there was no way of tellinR liow 
nearly digitalized he w.ns. The clcetrocnrdiogram taken the day after adiuission 
(Fig. 1) showed only fibrillation with no clearly defined T-waves. It wa.s decided 
to give him a one-grain tablet every four hours until the desired effect was obtained 
or toxic signs developed. 

After four days he had received 1.00 gin. and his general condition had not 
changed very much. The heart rate was recorded as between St and 118. That 
morning the heart action was found to be nlleriiating between n .«low irregular 
arliytlimia and rapid regular periods lasting about thirty to sixty secnnd.s. The 
electrocardiogram showed these pliuses to lie auricular fibrillation interrupted by 
runs of bidirectional ventricular tachycardia (Fig. 2). After this was e.stablislied 
graphic.ally, it was noted that on listening at the apex daring the runs of tachy- 
cardia, there was a distinct alternation in the loudness of the very regular systolic 
sounds. 

The tachycardia was ascribed to overdigitalizatiou, ami the drug was imme- 
diately stopped. The runs of taebyeardiu recurred fnsjueutly for several days, 
and as they hocanie loss frequent there were short jx’riods of bigeminus and 
trigeminus, W'itli a gradually rising itul.se rate, until after a period of .seven days 
it was necessary to resume the drug in doses of one to two grains n day. He was 
subsequently discharged from the lio.spital, able to be tip and about. 

CO.M.MK.VT 

It is suggested Hint tlic nieeliani.sm ol! bidireetionnl taeliyeardia de- 
pends upon a relatively fixed vlcluy in conduct inn time of one brancli of 
the bundle, tvliile the conductivity of tlio other branch wnxc.s and wanes 
so that it alternately .slightly exceeds and fails to ciiual flial of Hie 
first branch. 


ni-:riatK.\'cr.s 


1. Strauss, Af. B. 

2. Clarke, K. M. : 


Am. .1. At, Pc. 170; 337, 1030. 
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Saphir, O.: Bands and Ridges in the Pulmonary Artery. Arch. Path. 14; 10, 1932. 

The study hero presented is based on the examination of bands in the pulmonarj^ 
artery in one case and of ridges in the pulmonary artery in another ease. Both 
structurc.s rvere encountered in the course of postmortem examinations. , The first 
case n-as a patient rrith arterial hypertension and nephrosclerosis of the arteriolar 
varietj' rvlio died from cardiac decompensation. There Avcre found many bandlike 
structures in the pulmonaiy artcrr’’ in addition to arteriosclerotic plaques. Histo- 
logically the bands consisted of young and old connective tissue rvith hyalinization. 
There rvcrc endothelial cells and lymphocytes present, also many red blood cells and 
pigmented areas. Newly formed blood vessels and blood sinuses were found 
throughout. The bands themselves were lined by intimal lining cells and repre- 
sented organized and still organizing thrombi. In the second patient who died 
from cardiac decompensation associated with diffuse arteriosclerosis, nephrosclero- 
sis of the arteriolar variety and emidi 3 'sema of the lungs, ridges were found in the 
pulmonary artery. Histological examination showed that these ridges were organ- 
ized mural thrombi covered by intimal lining cells. 

These structures are supposed to be the result of organized mural thrombi. It 
is believed that the systolic pressure in the pulmonary artery transformed the 
thrombi into bands. A congenital anomalj^ could be ruled out as the underlying 
cause of these structures. Pulmonary arteriosclerosis was the primary cause of 
the mural thrombi. There was no evidence of Aj'crza’s disease. 

Katz, Louis N., and Ackerman, Walter; The Effect of the Heart’s Position on the 
Electrocardiographic Appearance of Ventricular Extrasystoles. J. Clin. Investi- 
gation 11; 1221, 1932. 

Studies were made of the effect, in the open-chested anesthetized dog, of chang- 
ing the heart’s position on the electrocardiograms of induced extrasystoles. The 
shifts of the heart were (a) in an anteroposterior direction on the transverse axis 
at its base, (b) in a lateral direction on the anteroposterior axis at its base with 
practically no rotation on its long axis, and (c) rotation on its long axis (which runs 
from the base to apex) with some movement in a lateral direction on the antero- 
posterior axis at its base. The extrasystolcs were induced in four regions, vie., the 
base and apex of the right and left ventricles. 

The electrical axis of the various extrasj^stoles did not move the same amount 
nor always in the same direction when the heart was shifted. The electrical axis 
moved in the same direction as the anatomical axis in most types of beats when prac- 
tically no rotation on the heart’s own long axis accompanied the change in the 
heart’s position. The electrical axis moved in a direction opposite to the anatomiea 
axis in most types of beats when the heart was rotated on its own long axis at t e 

same time. , , 

Many times the direction of the major initial deflection of the extrasystoles wa.. 

reversed in one or more leads. 
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The results are attributed to the unequal movements of the sO'CaJlcd tine - 
dimensional vectors of the various cxtrasystolcs when the heart was shifted. ns 
resulted in an unequal and at times opposite movement of the projections of these 
three-dimensional vectors on the plane of the three leads. ^ 

The reversal in direction of the QES group of ventricular cxtrasystolcs, whmh 
often accompanied changes in the heart’s position, shows (a) that the configuration 
and position of the heart cannot be ignored in analyzing the site of ventricular cx- 
trasystolcs and bundle-branch block in man, and (b) that the direction of the QES 
group of cxtrasystolcs induced in the two patients reported with pericarditis and 
pericardial fistula may not be applied to the nondiseased human heart without 
consideration of the otlicr factors involved. 

On the basis of these results it would be unjustified to attempt to localize the 
site of ventricular cxtrasystolcs or of bundle-branch block from the direction of the 
major initial complex in the three leads of the electrocardiogram. 

Diamond, Mortimer: Calcification of the Myocardium in a Premature Infant. Arch. 

Path. 14: 137, 1932. 

In a twenty-six-weck-old, premature infant, who lived with signs of cardiac 
failure for thirty minutes after birth, extensive calcification of the myocardium 
was found which is explained as secondary to toxic degeneration of the muscle 
fibers. The principal findings were in the right auricle which was rigid owing to 
the presence of yellowish white deposits which to a large extent had singled out 
the trabeculae carneae, making them appear as distinct, yellowish white linear 
bundles. The auricle measured 21 by 15 by 12 mm.; its wall was as much as 3 mm. 
in thickness, and its endocardium was smooth. On microscopic examination, there 
were extensive deposits of calcium in the right auricle which appeared in the form 
of coarse and branched trabeculae. In many places the calcification involved the 
entire thickness of the wall from the epicardium to the endocardium, which was 
markedly thickened. In the right auricular appendage practically all the muscle 
fibers had been substituted by calcium, and the derivation of the calcium trabeculae 
was clearly shown. Not only did the calcium trabeculae imitate the outlines of the 
muscle fibers, but they also showed their characteristic arrangement. There were 
some deposits of calcium in the left auricle, although they were less pronounced. 
Minor changes occurred elsewhere in the heart. 

A review of the literature showed that calcification of the myocardium is sec- 
ondary to preceding degeneration or necrosis of the muscle fibers. This degenera- 
tion may be due to vascular, inflammatory or toxic conditions. Fatty degeneration 
plays no part in calcification of the muscle fibers. 


Emstene, A. Carlton: The Anatomy and Physiology of Congenital Cardiovascular 
Disease. New England J. Med. 207: 523, 1932. 

The author divides congenital cardiovascular disease into three major groups: 
(1) the a-cyanotic group, (2) the group of cases having an arteriovenous shunt Avith 
possible transient cyanosis due to reversal of flow through the defect, and (3) the 
cyanotic group (morbus cacruleus), consisting principally of those congenital 
cardiac defects described as the tetralogy of Fallot, consisting of a defect of the 
ventricular septum, pulmonary or infundibular stenosis, dextroposition of the aorta 
and hypertrophy of the right ventricle. 

^^?9?r Congenital Heart Disease. New England J. Med. 207: 525, 


difffreftlf^r* ""Strict attempts to the 

fi^erential diagnosis of the anomalies in the congenital heart disease to the eight 
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types whicli arc outlined in this paper. It is usually only confusing to think of all 
the possible combinations of congenital heart defects. If one can be sure of diag- 
nosing the enumerated types, it may lead later to a better differentiation of the 
more obscure lesions which have not a characteristic combination of clinical signs. 

Eohey, William H.: Treatment of Ehemnatic Heart Disease. New England .T Med 

207: 533, 1932. 

In this symposium, the more commonly accepted methods of treatment for pa- 
tients mth this form of heart disease arc briefly outlined. The control of pain by 
the use of salicylates and allied drugs, the eradication of foci of infection, par- 
ticularly the tonsils, and other forms of treatment arc mentioned. The author 
points out that the treatment of rheumatic heart disease during the course of fever 
is unnecessary and unsatisfactorj'. He states that one should not hurry into a 
diagno,sis of cardiac lesion or lesions during the height of febrile attacks nor for sev- 
eral weeks after the cessation of fever. The rapidity of heart action plus edema 
about the valve orifices may distinctly obscure real lesions or simulate lesions in an 
otherwise normal heart. He states that digitalis is .seldom indicated, for it is dif- 
ficult to estimate its effect upon a heart during the tachycardia of any febrile state. 

Breed, William B.: Diagnosis and Clinical Signs of Rheumatic Heart Disease in 

Children. New England J. Med. 207: 530, 1932. 

This paper deals principally with the protein forms of the disease as it occurs 
in children. The author emphasizes the importance of fatigue, irritability, epistaxis, 
failure to gain M’cight and muscle pain. Vomiting, chorea, skin manifestations and 
nodules are also discussed. 

Collis, W. R. F.: The Contagious Factor in the Etiology of Rheumatic Fever, Am. J. 

Dis. Child. 44: 485, 1932. 

The author has observed an epidemic of nasopharyngeal infection in a group of 
twenty-five children, convalescing from rheumatism. In all, thirteen children were 
infected, and in eight of these an acute rheumatic relapse subsequently developed. 
Following a silent or incubation period of from seven to twenty-four days, various 
manifestations of rheumatism became manifest. The organism causing this epi- 
demic was the hemolytic streptococcus, but it was only during the height of the 
throat infection that the organism could be obtained in anything like pure culture 
from the pharj'nx. Other epidemics of nasopharyngeal infection were observed in 
the same ward during this period. One of these was shown to be associated with 
pneumococcus and another with micrococcus catarrhalisj neither was followed by 
rheumatic relapses. 

A study of these children was made by determining their skin sensitivity to 
streptococcus exotoxine consisting of a filtrate of a twenty-four-hour broth culture 
and the endotoxine which was an extract of the ground-up bodies of dried cocci. 
It was found that the children gave fewer positive reactions with the exotoxine 
than a similar age group of controls. When tested with the endotoxine, 100 per cent 
gave positive reactions compared with onlj’- 20 per cent of the controls. The author 
has also studied the incidence of acute streptococcus infections in a group of pa- 
tients who had not previouslj'' had rheumatic fever. It is felt that there is no es- 
sential difference in the etiology of primary and secondary attacks of rheumatic 
fever. In conclusion, the author states that the etiology of rheumatic fever can be 
explained only when its connection with acute sore throat, caused by the hemolytic 
streptococcus is understood. It cannot be described as a contagious disease in the 
ordinary sense of the word, as more than one factor is responsible for its develop- 
ment. A streptococcal infection of the throat is no doubt contagious in the epi- 
demic sense but is followed by rheumatic fever only in certain individuals. 
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Coburn, Alvin T., and Pauli, Kutli H.: Studies on the Relationship of Streptococcus 
Hemolyticus to the Rheumatic Process. 1. Observations on the Ecology o 
lytic Streptococcus in Relation to the Epidemiology of Rheumatic Fever. J. 


Exper. Mod. 56: 609, 1932. 

Certain factors of climate are favorable to streptococcus respiratory diseases. 
In those tropical environments rvlicrc hemolytic stroptoeoceus is unusual in the 
throat flora, scarlet fever is unlvnovn and rheumatic fever rare. In New \orE City, 
however, following epidemic waves of pharyngitis with hemolytic streptococcus the 
incidence of rheumatic fever rises precipitously. The correlation between the geo- 
graphical distribution of hemolytic streptococcus and rheumatic fever is a definite 


one. 

Furthermore, in New York City during the seasons of the year in which hemolytic 
streptococcus is seldom recovered from the pharynx, acute attacks of rheumatism 
are unusual. Corresponding to the seasonal attacks of hcmol 3 'tic streptococcus in- 
fections, the curve of incidence of acute rheumatism shows a similar form. 

Among the children of wealthy patients, enjoying great protection, hemolytic 
streptococcus has been recovered infrequcntlj' from the throat, and rheumatism has 
not been encountered during this study. Among the poor under observation in 
New York City, however, the organisms is found frequently in the pharvngeal flora 
and rheumatic fever is common. The findings suggest that poverty and unhygienic 
living conditions favor both the activitj’’ of hcmolj’tic streptococcus in the throat 
and the incidence of rheumatic fever. 

Moreover, localized outbreaks of rheumatism have been observed frequenth' fol- 
lowing epidemics of "sore throat.” Bacteriological studies of these upper respira- 
tory infections demonstrate a close relationship between the advent of hemolytic 
streptococcus in the throat flora and the outbreak of rlicumatic fever in susceptible 
individuals. 

In addition to these studies of streptococcus infections and their relationship to 
the development of rheumatic fever, observations of the rheumatic patient add 
further emphasis to this association. First, among the group of rheumatic children 
in an isolated environment, reactivation of the rheumatic process has been recog- 
nized only following the advent of hemolytic streptococcus in the throat flora. 

Also, an investigation of families in which several members have rheumatic heart 
disease has led to the same conclusion. Recrudescences of the disease have been 
observed under a variety of conditions among these individuals. However, the one 
constant factor in the outbreaks of recrudescences in rheumatic homes is their 
association with family epidemics of hemolytic streptococcus infection. 

Moreover, by studying rheumatic patients before, during and after transplanta- 
tion to a tropical environment, it has been possible to demonstrate a close relation- 
ship between activity of the disease process and infection with hemolytic strepto- 
coccus. While the rheumatic patients remained in the tropics, this organism was not 
recovered from the pharyngeal flora, and the disease process seemed quiescent. On 
return to New York City, those individuals who have escaped respiratory infection 
have remained symptom-free. However, of those who have contracted hemolytic 
streptococcus pharyngitis, each has developed a rheumatic attack u-ithin three 
weeks after infection. 


Finalljq extensive bacteriological studies made in ambulatory rheumatic sub- 
jects over a period of four years have demonstrated that the individuals who escape 
respiratory disease remain free of rheumatic manifestations. On the other hand, 
ae co»tr.ct hemolytic strcptococcos plmtyn: 

eta 0 , ,W rf aci, aisccso. In c». 

Scro’c ■■“Plaar, Mection tvith hemolytic 

P oecus and activity of the rheumatic process in susceptible individuals. 
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Coburn, Alvin P., nnd Pnuli, Itutb H. i Studios on the Eelutiouship of Streptococcus 
Hemolyticus to the Rheumatic Process. 11. Observations on the Biological Char- 
acter of Streptococcus Hemolyticus Associated With Eheiunatic Disease. J. 
Exper. Med. 56; C33, 1932. 

To determine the nature of tlse organisms associated with outbreaks of rheuma- 
tism at tlie Pelham Home, in a largo number of indi%'iduals at the Pre.sbyterian 
Hospital Nurses' Training School and among rheumatic subjects in New York City 
under continuous clinical observation, studies of the throat flora have been con- 
ducted. Hemolytic .streptococcus in most instances appeared in the pharynx from 
one to live weeks before the onset of the rlicunmtic attack. These organisms have 
boon investigated with the usual tyi>cs of bacteriological tests and, in addition, have 
been classified serologically according to Lanceficld's technic. The results have 
demonstrated that the organisms were not of a single type but fell into six antigenic 
groups. The majority of the freshly isolated strains tested were strong toxin pro- 
ducers. The organisms producing the strongest toxin were cultures from the pa- 
tients who developed cxtremclj' intense i-hcumatism. About 70 per cent of these 
toxins were neutralized by a monovalent streptococcus antiserum. 

Cobum, Alvia F., and Pauli, Ruth H.: Studies on the Relationship of Streptococcus 
Heniol 3 rticus to the Rheumatic Process, HI. Observations on the Immunological 
Responses of Rheumatic Subjects to Hemolsrtic Streptococcus. J. Exper. Med. 
56: G51, 1932. 

In the first two papers findings were presented which point to a close relationship 
between the incidence of rheumatic fever and the distribution of Sircptococcus 
hemolyticus. The fact was emphasized that in the rheumatic subject a recrudescence 
of the disease process is usually preceded by pharyngeal infection with licmolytic 
streptococci. These organisms con.spicuous in the throat flora during the period of 
infection preliminary to an attack of acute rheumatism fell into six antigenic groups 
and produced toxins which in 70 per cent were neutralized by a monovalent strepto- 
coccus antiserum. In the present study, four scries of observations have been pre- 
sented, demonstrating the development of immune bodies to hemolytic streptococcus 
during the course of rheumatic fever. The agglutination and complement fixation 
reactions of sera from patients with acute rheumatism suggest recent infection with 
streptococcus. Precipitin tests indicate that at the time of appearance of the rheu- 
matic attack, individuals develop, in their blood, i^recipitins to the protein fractions 
of hemolytic streptococcus. That these prccipitins may not be entirely specific is 
recognized from their cross-reactions with antigens of chemically related organ- 
isms, The studies made in association with E. W. Todd of England have demon- 
strated that at the onset of an attack of acute rheumatism, there occurs in each in- 
stance a rise in the antistreptolysin titer of the patient's scrum. This titer is much 
higher than that observed in normal subjects or in patients with bacterial infection 
other than hemolytic streptococcus. This presence of antistreptolysin with an N.D. 
of 0.005 c.c. is considered strong evidence of recent infection by hemolytic strepto- 
coccus. In conclusion, the relationship between the incidence of hemolytic strepto- 
coccus and the geographical distribution of rheumatic fever, the relationship be- 
tween the recrudescence in the rheumatic subject and infection of the throat with 
hemolytic streptococcus, the development of immune bodies for hemolytic strepto- 
coccus at the onset of the rheumatic attack, and the apparently specific relationship 
of antistreptolysin formation to infection with hemolytic streptococcus — together 
this combined evidence indicates that the infectious agent initiating the rheumatic 
process is Streptococcus hemolyticus. 
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Dik Bujtduucickuan'IvIU'.it. By ]’rof. Br. Olfriod MiiUer niul Prof. Br. ^\!lll(M 1 ar- 

risitis. Pp. M-J, witli 7‘2 jlhisfrations. Stut(Kar), ]0:!2, Fcrdinniul Kiike. 

In lliis volume Professor Miiller, <o Avlioni tlie jirofession is nlreatly indebted fer 
pioneer work in the npplicntion of Lombard’s nielliod of capillary microscopy in the 
living to clinical inoblems, and Professor Parrisius present a study of tbe byperten- 
sh-c diseases. Tbe scope of tlic investigatiou is uuUeutcd by tbe subtitle: ‘'cluneal, 
lieredobiologic, antbropomotric, biocbemical, bistological, ca]iillary-mieroscoj)ic, and 
otber investigations on tbe circulation in byjiertensivc individuals. 

llyperten.sive disease is divided into three types: 

1. Hypertension associated with inlbumuatory renal disease. 

2. Essential hypertension wit bout organic renal disen.se. 

Hypertension assoei:ited with the arteriolosclerotic contracted kidney. 

Tbe fundamental separation of tbe second and third group.s is surprising. Tbe 
arteriolosclerotic kidney is gem'rally regarded as an ndvamted stage, of essential 
hypertension, and tbe reviewer is unable to see any evidence in the book that would 
tend to east doubt on this well established view. 

The three types were inve.stigated from tbe point of view of their constitutional 
characteristics. It was found that ne])britic hypertension occurs almost always in in- 
dividuals of asthenic or “loptosomc” habitus, and that evidences of endocrine 
dysfunction are alisent. On the other hand, essential hypertension aflects mostly 
pensons of “pyknic” or sthenic habitus, who very often have such endocrine dis- 
turbances as obesity, diabetes, or menstrual disorder.s. In the third group of byper- 
tonsion with arteriolosclerotic kidneys, both main constitutional types were almost 
eciually rejirescnted. 1'he hereditary factor is .strong not only in essential but .also in 
nephritic hypertension. 

'I'o American readers the most interesting part of the book will probably be the 
investigations on the capillaries. Tbe capillaries of tbe bulbar conjunctiva, liji, 
breast, foroarin, nail fold, thigh, and other parts were e.vamined during life Avifh the 
capillary micro.scoi)e. Many beautiful idiotographs of the observations .-ire repro- 
duced. In essential hypertension the invest ig;itor.s find that the eajiillaries jiresent a 
spastic-atonic iiicturc, i. c., the arterial limb of the capillary is contracted and the 
A'cnous limb rela.ved and full of blood. It is the tilling of the venous limb that ac- 
counts for the red appearance of these patients. In nephritic hyjicrtension, on the 
other hand, the capillaries are contracted throughout their cour.se, resulting in pallor. 
Another interesting observation is that tbe irritability of the eajiillaries to meelmnical 
stimulation is increased in essential but not in iiejihritic hypertension. 

The least satisfactory part of the book, to the reviewer, is that dealing Avith the 
endocrine disturbances in hypertension. The authors state that they observed 
changes in the morphology of the capillaries following the administratioirof thyroid 
ovary, tesHs, or anterior lobe of the pituitary in patients presenting evident*es of 
hypofunction of these glands. The gland preparations Avere given cither bv iniectiou 
or by mouth. They also observed lowering of elevated blood pressure following jul- 
mnustration of these endocrine products in appropriate cases. These results cs'uo 
Wa^ r'*"' '•'’."'”»'*tration of ovarian and testicular prejiarations, are con- 

t aij to general e.vpenencc in this country, and in view of their great importance 
should be confirmed before acceptance. Nor does the authors’ den.Lslra o o“a 
tendency to Anercased tissue aciditA'” ■ ' ' ' t oi a 


in essential liyiiertcnsion seem unccjuivocal. 

A. ill. J'\ 
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These researches ^voulcl not alone, however, have provided the occasion 
a monograph on “The Cardiac Output of Man in Health and Disease, as r . 
has dont ifad not the technic of analysis been advanced by his introducing the use 
Tnew agent, acetylene, as an essential factor in his method. The long history of 

effort in the search for a satisfactory technic is described in detai by ^ ’ 

first fifty-one pages of his book. Beginning with the early estima cs 
Thomas Young (1800), Haller (1757), and the later ones of 1 olkiu.inn (ISoO), H I 
ward Hering (1832), AHorordt (1858), Dogiel (18G7) and Ludwig s pupils (Afe.adc 
Smith, Stolnikow, Pawlow, Bohr), he recounts briefiy those of Pick (1800-1870) and 
Hoorweg (1800), Stewart (1807-1021), Kuutr. (1802-1808). He then dcscnbe.s the 
principle introduced by Pick in 1870, and the use which subsequent investigators have 
made of it. Grfihant and Quinquaud were the first (18SG) to apply the principle ni 

dogs. And the first direct estimations of the cardiac output in man were made in 

1903 by Loewy and von Schrottcr. 

The list of those who have employed Pick’s principle utilizing either oxygen or 
carbon dioxide is a long one, and the modifications which each has introduced have 
been numerous. Tlie relative advantages of each of them as well as the difficulties 
and the errors inherent in them arc anah’zcd critically and sometimes sharply. Groll- 
man describes also the use of foreign gases, nitrogmi, nitrous oxide, ethyl iodide and 
ethylene and defines both their usefulness and its absence. He criticizes also the various 
physical methods ivliich have been suggested, the latest being that of Broemser and 
Ranke (1930) and finally the injection methods. Grollman’s own method based on 
the use of acetylene is described in detail. The development of the method, the choice 
of this special gas, its fulfillment of the requirements of this jmrticular situation, its 
solubility and diffusibility, its employment and the calculations which its u.«o permits 
are all analyzed. 

Proof that the acctylone method docs in fact measure the cardiac output depends, 
of course, on the possibility of reproducing previous results, the logical coherence of 
the procedure and a reference to direct comparison, in this case, with the concentration 
of acet 3 'lene in the mixed venous and arterial bloods. The method seems so far to 
have satisfied the most rigid tests that liave been applied to it. If has limitations; 
if the cardiac output e.xceeds 10 liters, the time occupied by a circuit of the blood is 
too short to permit a sufficient number of breaths to be drawn to mix thoroughly the 
air in the lungs with the acetj'lene in the bag. In consequence the blood flowing 
through the lungs may not enter into equilibrium with the gas. This difliculty Chris- 
tensen may, meanwhile, have overcome. The other difficulty with the method applies 
to those clinical situations in which the re.spiratorr- apparatus is embarrassed to so 
great an extent as to interfere with proper mixture of the foreign gas with the air in 
the lungs. 

It was Lindhard (1918) who first showed tliat the cardiac output boars a relation 
to the respiratory metabolism, Grollman has now demonstrated the close relation- 
ship between the basal metabolism and the cardiac output. Since the basal metabolism 
is proportional to the surface area, the .step which Grollman next took seems logical- 
he related cardiac output to the surface area. A study of the measurements made 
so far of normal persons in a ba.sal state shows that the cardiac output per square 

meter of body surface is 2.2 ±3 liters per minute and tlmt the average deviation from 
the mean is only 6.4 per cent. 

lo statement is to announce one of the few important phvsio- 

of he'l rb dv T <l«-titativc function 

01 the whole body. Considering the importance of the achievement it is a nleasm-P 

a descriptions. Grollman lias added 

generalLatL!'" eontribution to physiological 
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Oiiuo ill posRCSRion of fi nifithod nppnrontly rolinliio. it. lin.s boon pf,i5siblf to explore 
situations in iviiieli tlie cardiac output plays a part. Jn the brief pn-riod since lf)29, 
many of tlicin, both in hcnllli and in di.sease, have boon studied. Itifforences in output 
according to ago, cspodally after forty years, b.ave not yet beeotne knov.-n. But the 
iniluciiee of position, of the inge.vtiou of food, of sleep, of sex (and the menstrual 
cycle), of psychic disturbances, of ebange in teiiiperalurc and altitude, and of muscu- 
lar e.xercise, have all been investigated, and in eacb case, v.dtli the addition of nen* 
liglit. The insight ivbich knowing the cardiac output yields in learning the .action 
of drugs, esjaadnlly those which liavc nii influence on the heart and the blood vessels, 
is, of oonr.se, of prime importance. M’itlmut knowing tlie cardiac output, jirecise 
knowledge is all but impossible. The action of alcohol, caffeine, and tobaeco, or car- 
bon dioxide, of digitalis, of drugs acting on Ibe, sympattietic system and of those 
originating in the organs of internal secretion have all been studied, in some e.ases so 
far, however, only in a jirclirninary w.ay. 

There, are chnjifers also, dealing with the rardiae output in di«ea.se, in congenital 
lioart di.sease, in tlie vnrions heart and circulatory di.se.ases of adult life and finally 
with its correlation with other physiological functions of the orgaiii.sin. such .as metab- 
oli.sm, pulse rate, the velocity of the blood tlow, the blood pre.ssuro and the sir.c of 
the Iiearl. 

To deseriho the results of (he investigations of these various matter.^ would c.arry 
thi.s description lieyond tlie rcijuircment.s of a review. They are in any case given 
with brevity and tcilh elcarnnss in th*; chapters themselves of this book. 

Wliere there is so much to jiraisc, the duty of calling attention to small blemishes 
is the more onerous. Tliere are a few incorrect references in the early pages (Stewart 
on ]tago 7, .should read -l.T! instead of 423, Bantnan and L.auter on page 11, should 
read 211 instead of 27, Loewy and von Schrlitter on jmgc 13 should read 320 instead of 
32). Till! use of tlm word “detenninntiou,” in accordance with a custom become all 
too common, i.s employed where '‘measurement'* or “estimate” wa.s formerly u.sed. 
Wliero inquiry is being made, is there not sometliing incongruous in using a word in 
wliieh tlie operntion of the will is, at least, intimated? “On” instead of “in” is 
also becoming usual in speaking of experiments or measurements in connection 
witli animals or men, without correspomling increasi! in the beauty of the language. 
With the word data, a plunil form, appears tlie adjective “this.” “Boeroscr” is 
spelled without an r (page 17.'i) and “die” is .spelled with tme (page 294, ref. 
157). But on the credit side there arc two pages (3 and 4) of tonus accurately 
defined which should, because of their .sensibleness, nid in dislodging many others 
which have encumbered the literature of this .subject to its own confusion. 

These are after all small matfons. Of greater importance is flie welcome which 
it is j>lensurc to accord .a distiuguished resoarcli. 


J. E. C. 
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gave a history of paroxysmal tachycardia. One patient, fourteen 
of age, had had such attacks since the age of two years (Case 1). 
individuals had paroxysmal auricular fibrillation (Cases 2 and 10). A 
reversion of the electrocardiogram to normal could not be produced in 
any of our cases, either by exercise or by atropine administration. In 
one patient (Case^l, Fig. 1), the ventricular complex assumed a normal 
contour during a paroxysm of tachycardia. Graphic records were not 
obtained during a paroxysm in any other case. In one of the pa- 
tients with cardiovascular disease (Case 7) electrocardiograms were ob- 


years 

Two 



Fig-. 1. — Case 1. A, Electrocardiographic tracing^ made on March 22, 1932. The 
P-R interval has a duration of 0.09 second. The QRS complex is ^vide^ed and slurred, 
duration 0.11 second. . 

B, Electrocardiogram taken April 5, 1932, during a paroxysm of tachycardia. The 
■widening and slurring of the QRS complexes has disappeared. The heart rate is 21a 
per minute. The electrical axis has not changed. 

C, Simultaneous electrocardiogram and carotid pulse curve recorded without paral- 
lax. The carotid tracing was made with an optical recording device.’” The upstroke 
of the carotid pulse curve takes place O.OS to 0.09 second after the peak of the R-wave 
of the electrocardiogram. 

D, Simultaneous electrocardiogram and jugular phlebogram recorded without paral- 
lax. The phlebogram was made with an optical recording apparatus.’" The A- and 
V-waves are readily identified. The C-wave is bifurcated. The upstroke of the second 
component (C:) begins 0.08 second after the peak of the R-wave of the electrocardio- 
gram It therefore occurs at the same time in the cardiac cycle as the carotid uPt 
stroke (see Fig. 1 C). The upstroke of the first component of the C-wave (Ci), pre- 
cedes the upstroke of the second component (C=) by 0.08 to 0.09 second. It precedes 
the peak of the R-wave of the electrocardiogram by about 0.01 second. 

tained on two occasions, eight days apart (Fig. 2). The first tracing 
was characteristic of the group under consideration; the heart rate was 
120. The second showed a different type of complex ; the rate was 105. 
The presence of severe progressive heart disease makes it impossible to 
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draw auv conclusions concerning the cficct of rate cliangc ujion tl.c oc- 
currence^ of the characlei-islie sliorl P-K interval and aherrani ven- 
tricular complex in this ])atient. In the other patient, with heart disease 
(Case 9, Fig. ■'>) the electrocardiogram in 1927 showed a short P-P inter- 
val and wide QKS complex. In ]9:V2 these eharaetenstics had dis- 
appeared and could not be made to reappear by vagal stimulation. 

Our interc.st in this grou]) of cases is chieny centered in an attempt 
to understand the nature of the abnormal cardiac ineclianism by which 
this unusual electrocardiographic jiicture is produced, Pelore undei- 



2.— HIoclrociinlloKmni.s of C.-ih.- 7. .-1. Traclinr niiuU' Novonihf-r in. ipnr. U-U 
non wldt-mU and Hliirred In It.*! Initial dcll.'otlon, dur;i- 

n. Tmcinp made November 21. i:'2.'.. IMi Interval lx still slmrt Tli.. nut: 
plox Is still widened but has ehaimed It.s contour conslderablv. Tbc T-waves im've also 
clmnjred markedly. There i.s probably .some overshoot luft n l.ea s H u 1 11 Tbl 

patient bad .severe profrre.sslve eardlovaseular dl.sease. ’ ' 


taking a di.scus.sion of this que.stioiu we wish to eiuphnsizc three addi- 
tional features prc.sented by the.se iiatients: (a) The period elapsing 
from the beginning of the P-wave to the end of the QPS eomplex is well 
uuthm normal limits, despite the aberration of the ventricular eomplex. 
(b) If the P-R interval lengthens, the QPS complex simultaneouslv 
s 101 tens to an equal ext, out. Consequently in a given ease, the period 
l.om the hcg..mmg of the P to the e„<l „f QliS ,.e, gains sulislanliallv 

ormal. (Cf. olff, 1 arkinson and White,’ Cases 3 and 4 .) (c) In the 

eases so far reported, the slurring of the QRS complex has alwivs in 
the tnitia, aeneetion. The ter„.inafp„r,i„., I,,; 'oTn; ';' 'oV;: 
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Two hypotheses have been proposed to explain the abnormal cardiac 
mechanism : 

I. Wolff, Parkinson and White^ have described it as a bundle-branch 
block. Such a view was probably suggested by the fact that widened and 
aberrant QRS complexes have always been associated with the concep- 
tion of defective intraventricular conduction. However, this explanation 
is untenable for the following reasons: (1) The time interval from the 
begimiing of P to the end of QRS does not exceed that of normal cases. 
Furthermore, when the mechanism reverts to normal, this interval shows 
no material change— since the lengthening of the P-R interval and the 



Fig. 3. — Electrocardiograms of Case 9. , A, Tracing made March 19, 1927. The P-R 
interval is 0.10 second. The QRS complex is widened and slurred in its initial de- 
flection, duration 0.12 second. 

JSj Tracing made July 7, 1932. The P-R interval is now normal, 0.18 second. The 
QRS complex is of normal width, 0.06 second. The abnormal characteristics did not 
return on vagal stimulation. This patient Jlas definite rheumatic heart disease. 

shortening of the QRS complex are approximately equal. (2) The ef- 
fect upon the electrocardiogram of change in cardiac rate in these cases 
differs fundamentally from the effect of -rate change upon true bundle- 
branch block. Herrmann® has reported cases of paroxj'^smal bundle- 
branch block, in which the conduction defect did not appear until a 
critical rate was exceeded. We have had a similar experience in a feiv 
cases. Moreover, it is well Imown that defects in intraventricular con- 
duction are often observed in the most premature beats of auricular 
fibrillation, and in auricular extrasystoles which closely follow the pre- 
ceding cardiac condition. Therefore, in the presence of an incipient 
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inmdlo-tamcl. dotcC, „n incoasc in I.onH, rate 

defect in conduction to appear, not to disappear. If the cases nmlcx 
consideration really Avere iirstances of bundle-branch block, 
tion of the QRS complex should be present during paroxysms of la] 
heart action, not absent. (3) The bundle-branch lilock hypothesis fails 
to explain: (a) the predisposition of these patients to attacks of 
paroxysmal tachycardia and fibrillation; (b) the fact that this 
is apparently unrelated to cardiac damage; and above all (c) the short 
P-E interval. An analysis of the tracings of these individuals sions 
that ihe ahnonnaliUj of ihe QliS complex consisis, iwi of a hloch or dr- 
laij, hut of an acinal early arrival h Ihe vcvirKAilar musede of ihe 
impulse from ihe axiriclc. 

II. Pezzi® ob.iects to the bundle-branch block hypothesis because it 
does not' aceoruit for the short P-R interval. He jiroposcs another ex- 
planation, namely, that the abnormal mechanism consists ot a “jiara- 
septal rhythm.” By this term he means a rhythm avIiosc pacemaker is 
situated in the neighborhood of Tarvara's node, in the auricular septum. 
The etiologj’- of this abnormal rhythm is considered to be an irritative 
lesion involving the “parascptal” region. Pezzi accounts for the various 


phenomena as follows: (I) The short P-E interval is due to the pro.x- 
imity of the pacemaker to the nunctional tissues. (2) The P-wave is 
upright and not inverted (as one Avould expect, with a parascptal pace- 
maker), because the impulse reaches the auricular muscle from the 
normal direction. The author is not absolutely clear in liis exposition 
of liow this is brought about. lie implies, however, that the iminilse 
traA'els direct from the parascptal pacemaker to the sino-auricular node 
over a special “sinouodal pathway” before reaching the auricular mus- 
cle. It then invades the auricle from the region of the sino-auricular 
node. This explanation helps further to account, for the .shortne.ss of 
the P-R intei'val, since a period elapses between the discharge of the im- 
pulse from the parascptal pacemaker and its arrival in the auricular 
muscle via the si7ioziodal pathway and the sino-auricular node. (3) The 
aberrant QRS complex is explained as follows : The author assumes the 
existence of special septovcntriclilar conduction pathways: that, begin- 
ning in the node of TaAvara, there is a complete functional separation 
of the junctional tissues into those sondizig impulses to the right. A'cn- 
tricle, and those tran.smitting tliem to the left. He believes, therefore, 


must be qualified .n.s follow.-?; A^apal .stinnilatlou is Unown to ciUi.-?o 
mirmlTf C''*' so uids Junctional conduction, and (b) im- 

fo of aunculovontncuiar conduction. If, tlierofore, a retardation of rate is v.airaV 

Ibrof’SiV^ T'al't bo accompanied by impaired conduction of the excitatoiw iUn!lso 
tbrouBb the junctional tissues; since it is Iheoroticnlly pos.sible for (b) to ovorslimlow 

eveV i?tlm°Xened pbmmnjohon in a bundle brnneb. How- 

Viinn’,, *■ f ® Widened QRS complexes in these cases nro to be exrdnined bv vnc-ni inhi 
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that the iinjiulses to one ventricle can be blocked by a lesion situated 
at any point in one of the “septo ventricular conduction pathways”; 
(a) In the bundle branch; (b) in the bundle of His, or (e) in the node 
of Tawara itself. With the foregoing speculation as a point of de- 
parture, Pezzi states that the lesion responsible for this group of cases 
is situated in the neighborhood of Tawara ’s node but extends to involve 
part of the node and its ‘ ‘ annexes. ’ ’ Thus it blocks one septoventricular 
pathway at its head, in the node of Tawara, and produces an electro- 
cardiographic picture similar to that of a bmidle-branch block. (4) 
The “irritative lesion in the jiaraseptal region” is considered to be re- 
sponsible for the frequently observed i3arox3^sms of tachj^eardia. (5) 
None of Pezzi ’s cases showed a transition from abnormal complexes to 
normal ones. He explains the occurrence of this phenomenon in the 
eases reiiorted bj' Wolff, Parkinson and White^ bj’' supposing the lesion 
in those instances to be a very mild one (almost entirely “functional”). 
A release of vagal tone caused it to disappear, therebj’’ allowing normal 
conduction through the node of Tawara. Although he does not say so, 
he must believe that when the transition occurs, the sino-anricular node 
assumes its normal function of pacemaker. 

If all the ph 3 ’’siologieal substmieture upon which Pezzi ’s hypothesis 
is based were sound, the unusual electrocardiographic picture might be 
accounted for on this basis. However, the following facts make one ques- 
tion the validity of his explanation: (1) Although the existence of a 
special sinonodal pathwaj'’ has been advocated bj’’ some authors,®' it seems 
strange that (a) it is not brought into play in other cases of nodal 
rhythm: (in the vast majority of cases of nodal rhjdhm, the P-wave 
is inverted in Leads I and II), and (b) that it comes into plaj'’ in every 
single case in this group : (not one case in all those reported shows an in- 
verted P-wave in Leads I or II). (2) There is no evidence of the 
existence of “special septoventricular conduction pathway's” to each 
ventricle, which are functionally separated from each other as high as 
the node of Tawara. Lewis'" states, “It is a matter of indifference 
whether the impulse originates in the normal pacemaker, in the substance 
of either auricle, or in the A-V node or bundle doAvn to the point of its 
subdivision ; the ventricle is activated in precisely the same way and the 
resultant curve is of constant form.” If functionally isolated “special 
septoventricular conduction pathwaj'^s” existed, one would expect aber- 
ration of the ventricular complex to be the rule with the pacemaker 
situated in the node, or in the bundle of His: the pacemaker would 
have to be located in one of these pathways and should be incapable of 
transmitting impulses to the other. (3) It is inconceivable that a dis- 
location of the pacemaker from the paraseptal region to the sino- 
auricular node could take place without any change: (a) in the rate 
or rhythm, (b) in the interval from the beginning of the P'-wave to the 


*It is not accepted by Lewis.'f<' 
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end of tlie QBS complex, or (c) in the contour and direction of tlie 
P-Avave. (Cf. WollT, Parkinson and White,' Cases 3 and 4.) In o n 
experience, ivlienever the pacemaker has moved from the region of t ic 
node of Taivara to the sino-auricular node, the P-Avavc has ahvays shown 
a change in contour and direction. (4) The second objection to tlie 
bundle-branch block hypothesis seems applicable to Pezzi’s exjdanation. 
(5) Pezzi’s liypolhesis might 'account for paroxysms of nodal tachy- 
cardia. However, it still leaves unex]ilained the origin of paroxysms of 
auricular tibrillation, which occurred in one case reported by Wolff, 
Parkinsoii and ^Vhilc" and in two of our patients, (ti) Pezzi speaks of 
the etiological factor as a “lesion.” However, all indications jioint to 
an absence of any acquired cardiac damage.''^ 

In view of the foregoing considerations, the two hypotheses which have 
been proposed seem inadequate to explain all the features present ed by 
this group of cases. If, however, the assumiition is made that an ac- 
cessory pathway for aui’iculoventrieular conduction exists, besides that 
furnished by the bundle of His, the phenomena thus far observed may 


be accounted for. 

Many years ago, Kent® described a structure bridging the auriculo- 
ventricular groove at the right lateral border of the heart, connecting 
the right auricle and right ventricle. It was-tli'st observed in newborn 
rats, but later also in man. Piiotomicrographs of its apjiearanee in the 
human heart arc available. A statement concerning the frequence of its 
occurrence in man has not been found. At the upjicr end of this con- 
nection is a node, comprised of tksue similar to that found in the node 
of Tawara. The muscular bridge begins at the lower border of this 
node. It is formed by muscle fibers derived from two or three dif- 
ferent layers of the ventricular Avail. Kent demonstrated to his own sat- 
isfaction that impulses could be conducted from auricle to ventricle by 
this structure in scA'eral species of mammals. His conclusions seem justi- 
fied, namely, that there is a muscular connection betAveen the auricles 
and ventricles at the right lateral border of the mammalian heart. ; that, 
this connection has been shoivn to conduct impulses from auricle to 
A^entricle in mammals and should be capable of doing so in man. 

Leivis"'^ states that “There is no reason to bclicA’c that the structures 
described by Kent take part in conducting impulses from auricle to 
ventricle. The physiological evidence is strongly opposed to this idea, 
and such anatomical evidence as we possess is insufficient to give the 
A'icAv any material support.” Consequently interest in the “bundle of 
Kent” appears to have Avaned. It seems to ns, hoAVcver, that the assumii- 
tion of conduction of the excitatory process by Kent’s bundle,! in ad- 
dition t o its conduction by the conventional patliAvay through the bundle 


lowea^a TheTcU^ruaT 
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of HiSj off 61 s a, satisfactory explanation for tliesG cases. It is necessari’ 
to assume in addition that this structure is sufficiently developed to func- 
tion in only a few individuals. 

On the basis of a functioning bundle of Kent, the various phenomena 
observed in these cases may be accounted for as follows ; 

(1) The shortness of the P-R interval is due to the short direct patli- 
way from auricle to ventricle through Kent’s bundle. 

(2) The premature invasion of a certain section of the ventricular 
muscle by this impulse causes (a) a slurring of the initial deflection of 
the QRS and (b) a widening of the QRS complex at the expense of the 
P-R interval. (See Fig. 4.) 




Fig. 4. — Schematic representation to illustrate the hypothesis of premature trans- 
mission of the impulse through the bundle of Kent to the right ventricle. The shaded 
area represents the section which is activated before the impulse reaches the %’entrjcles 
through the bundle of His. This mechanism would account for the short P-R inter- 
val, the widening of the QRS complex and the slurring of its initial deflection. 

Pig. 5. — Schematic representation showing the path of an impulse which might be 
responsible for exciting a paroxysm of supraventricular tachycardia or auricular 
fibrillation. 

V 

(3) 111 some eases, conductivity iii the bundle of Kent may not be 
highly developed. Consequently, when subjected to the passage of im- 
pulses at a rapid rate, as during paroxysmal tachycardia, it may fail to 
function. This seems to offer a more satisfactoiy explanation for the 
transition from abnormal to normal complexes than that furnished by 
either of the previous hypotheses (q.v.). 

(4) The frequence of paroxysmal tachycardia and paroxysmal fibril- 
lation may be accounted for on the basis of this hypothesis. Kent showed 
that retrograde conduction through the “right lateral bundle” was pos- 
sible in newborn I’ats.®'* Under certain circumstances, therefore, a 
retrograde impulse might travel from ventricle to auricle at a time when 
the physiological state of the auricular muscle would favor the incep- 
tion of an abnormal rhythm. (See Pig. 5.) 

(5) The assumption of a functioning bundle of Kent does away with 
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the necessity of postulating a lesion, or a defect in conduction, in youth- 
ful patients, without evident cardiac damage.® 

(6) As we have staled above, when the mechanism changes liom a 
short P-K interval and a wide QKS complex 1o a normal P-P interval 
and a normal QRS complex, the duration of the interval from the be- 
ginning of the P-wavc to the end of the QPS comjilcx tends to remain 
constant. (Cf. Wolff, Parkinson and White, » Cases .3 and 4.) If these 
facts are confirmed by more extended observation, only one interjii'cta- 
tion seems possible, namely; that the variable lactor is early aberrant 
conduction from auricles to ventricles. Tliis does not interlere with 
conduction through the junctional tissues (the node of Tawara and bun- 



Fik. C. — A, KIcctrocaraiOKr.nm of CtiMo I, t:\Uon Dcccwltor, 1P20. The P-n Inlorv.'xl 
is O.OS second. The QR.S coinplc.'c is widened .nnd its iniU.ol portion l.s .slurred, its diirti- 
tion belnpr 0.10 second. Tliere is ;i Q-\viive in Le.nd IIT. 

^ 15'ectroc.nrdiopnini of Case 0, t.-iken Seplcmbcr 21, 19,1] 

O.OS second. The initial portion of tlic QR.S complex i.s .slurred, 
duration of O.OS second. 

r> taken .Tanuarj- 7, 1929. Tlie P-H interval is o no 
second, llie QR.S complex is widened and slurred, duration 0.11 second. 


Tlic P-R Interval i.s 
The complex ba.s a 


die of His), but. alters the duration tind form of the initial portion oi 
the ventricular complex iu direct corre.spon deuce with the ])rematuritN 
of arrival of the aherraut im]nilse in the ventricular muscle. 

(7) If early transmission of the impulse by way of Kent’s bundle h 
tic mechanism responsible for this syndrome, (A) there should Ik 
definite asynclironism in the contraction of the two ventricles, and (B) 
le left ventriele should contract at the normal time in the cardiac cvcle 
w iereas the nght Teiitrielc shoviM coiiti-act prematm'ely. The data ihui 

oeem- " '''"'g" 


(Which scomVunllkoK?^ since ciMcsUon as to wlictlier tliose 

and ^ : or wltetlier U e mVclmmsnV ’’A'’*-’ ovidonco of can 

Jlars fcf" complex becomes less calfable l^^ *»^or 

A'eai.s (Cf., Case 9, and Wolff, Parkinson and m to ’ Cases 1 and S) 
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(A) Tile eiddence for asjaiehroiious contraction of the ventricles is 
as follows: (a) The electroeardiogi-aiihic tracings suggest it; (b) a 
marked reduplication of the first heart sound has been noted in our 
last two cases. Although no special attention had been paid to this 
feature in the other six, the records of two state that the first heart sound 
“was split”; (c) in the one patient in whom a jugular phlebogram was 
made, there is a bifurcation of the C-wave with an interval of 0.09 sec- 
ond between its two components (Fig. ID).* It is well Icnown that 
opticallj’’ recorded jugular pulse curves in presumably normal indi- 
viduals may show a bifurcation of the C-wave. The two elements of 
this bifid wave are, first, a “venous” wave produced by right ventricular 
contraction and transmitted up the superior vena cava to the jugular 
vein; and, second, an arterial wai'e, which is a transmitted pulsation 
from the carotid artery. In normal individuals, the interval betiveen 
the upstrokes of the two peaks of the C-wave does not exceed 0.048 
second.'*’ Therefore, the interval (0.08 to 0.09 second) obtained in 
the patient under consideration is neaily twice the top normal figures. 
It is comparable to that seen in cases of true bundle-branch bloek.^® 

(B) The evidence that the left A'entricle contracts at the normal time 
in the cardiac cycle, whereas the right ventricle contracts prematurely, 
is as follows: An optically recorded jugular phlebogram and simul- 
taneous electrocardiogram were photographed on the same film vdtliout 
parallax ( Fig. ID). A simultaneous carotid pulse curve and electro- 
cardiogram were obtained in a similar manner (Fig. 1C). A comparison 
of the carotid and jugular curves with the electrocardiographic trac- 
ing shows that: (a) The upstroke of the carotid wave and the upstroke 
of the second element of the jugular C-wave, C-, occur simultaneously in 
the cardiac cycle at a point 0.08 second after the peak of the R-wave. 
There is little doubt that both these waves are produced by left ven- 
tricular activity. Moreover, the interval separating their upstrokes from 
the peak of the R-wave is normal."'’ Therefore, one is probably justi- 
fied in assuming that left ventricular contraction occurs at a normal 
time in the cardiac cycle and causes the second peak of the C-wave in 
the jugular phlebogram. (b) The upstroke of the first element of the 
jugular C-wave, Ch precedes the aforementioned left ventricular phe- 
nomena bj’’ 0.08 to 0.09 secoiid, and precedes the peak of the R-wave by 
0.01 second. There is no doubt, therefore, that this wave clearl.y precedes 
left ventricular contraction. Since C^ is almost certainly related to 
right ventricular activity, the conclusion is difficult to escape that the 
right ventricle contracts prematurely in the cardiac cycle and at a con- 
siderable interval before the left. A great deal of emphasis cannot be 

*A jug'ular phlebogram published by Wolff, Parkinson and White^ in a similar case 
does not show a bifurcated C*wave, However, in order to record this phenomenon, an 
optical recording apparatus must be used, and special attention must be paid to t/io 
pressure at which the recording capsule is applied to the jugular vein. By increasing 
the pressure, the venous element of the C-wave can be diminished or abolished, ana 
the arterial element can be exaggerated. 
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placed upon the data from a single case. Pnrther observations of tins 
type are necessary. Should it bo found that these phenomena oerar Muth 
regularity, the hj'polhesis we have presented should be considerably 

strengthened. 

The direetion of the initial deflection of the QRS complex deserves 
mention. If premature activation of a certain constant section of the 
right ventricle through the bundle of Kent is the cause of the slurring 
of the initial deflection of the QRS complex, one might expect to find 
this initial deflection to be in the same direction in every patient. Anal- 
ysis of the cases so far reported shows that this expectation is not fulfilled. 
In Lead I, the initial deflection in every case has been upright. In Lead 
II, 22 have been upright, 4 have been down. In Lead III, 12 have been 
upright, 14 have been down.'^ However, this docs not constitute a major 
objection to the hypothesis herein proposed. Variation of position and 
shape of the heart, or a variation in the location of the bundle of Kent| 
might readily account for these diflcrcnees. 

The case reported hj' Ilambiu’ger' mei'its a brief discussion, because 
it presents certain phenomena which hai'e not been observed in any other 
instance of this syndrome. The presence of an acute febrile illness and 
a paroxysm of ventricular tachycardia suggests that complicating factors 
are present in this ease, which mahes it ditfer in certain rc.speets from 
other similar ones. The features of particular interest, to us are tlie 
following: (1) This is the only case on record in wliich the abnormal 
complexes have persisted during a paroxysm of supraventricular tachy- 
cardia, if we admit the eorrectnc.ss of this electrocardiographic diagnosis. 
(It is possible, however, that the rhythm is a sim]ile tacliycardia.) (2) 
During the “paroxysmal tachycardia” the rhythm is frequently inter- 
rupted by beats with a normal P-R interval and a normal ventricular 
complex. An examination of Hamburger’s tracings shows that: (a) 
The interval from the beginning of the P-wavc to the end of the QRS 
complex remains quite constant, whether the ventricular complex is 
normal or abnormal. This suggests that the beat with the normal 
ventricular complex is a sequential beat, not a nodal beat (cf. Ham- 
burger's explanation), (b) There is an inverted P-wavc after each 
normal QRS complex, more apparent in Leads II and III. (c) The in- 
terval between the beginning of such an aberrant P-wave and the next 
normal P-wave slightly exceeds the length of the usual auricular cycle 
This disturbance in the rhythm is therefore like that seen when ‘any 
amueular rhythm is interrupted by a beat from a different auricular 


to 


The only satisfactory explanation of these phenomena which occurs 
J^s that afforded by the “bundle of Kent hypothesis.” It might 


m l^noVavaiK’ is not incluRod in tl.is analysis, since Lead 

conSons^“" of otRor analogous auriculoventricular 
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be outlined as follows: In Hamburger’s patient, the bundle of Kent 
has a highly developed conductivity, being capable of conducting im- 
pulses at a rate of 150 per minute. However, at this rapid rate it oc- 
casionally fails to function. At such a lime the impulse from auricle 
to ventricle is conducted solely through the bundle of His, hence the 
P-R interval and QRS complex suddenly become normal, although the 
interval from the beginning of the P-wave to the end of the QRS com- 
plex remains substantially unchanged. Now, by the time the impulse has 
extended throughout the ventricle, the bundle of Kent, having had a 
rest period, is once more conductive. It therefore conducts the impulse 
in a retrograde direction back to the auricle and gives rise to an inverted 
P-wave directly following the normal QRS complex.®' This auricular 
beat has the same effect upon the pacemaker that an ordinary auricular 
extrasystole would have. It abolishes the impulse which is forming 
and gives rise to a pause, since an entirely new impulse must be built. 
After this the “paroxysmal taclij’^cardia ” begins once more. The 
demonstration of probable retrograde conduction through the bundle of 
Kent in Hamburger’s case affords support to the explanation we have 
suggested to account for the frequence of paroxj'smal tachycardia in 
these cases (q.v.). 

SUMMARY 

(1) In about one out of a thousand electrocardiograms, a case may 
be encountered which exliibits an abnormally short P-R interval as- 
sociated with a widened QRS complex, markedly aberrant in its initial 
portion. 

(2) It is necessary, as stressed by Wolff, Parkinson and White,* to 
recognize that this type of traeing may occur in the absence of acquired 
cardiac damage. 

(3) Many of these patients are subject to paroxysms of tachycardia 
and auricular fibrillation. 

(4) An analysis of the tracings of these cases reveals that their char- 
acteristics cannot be explained, by the hypothesis that they are due either 
to bundle-branch block (Wolff, Parkinson and White*), or to “pai’aseptal 
rhythm” (Pezzi®). 

(5) The abnormal mechanism consists, not of a delay or block, but 
of an actual acceleration of the passage of the impulse from the auricle 
to a section of the ventricle. 

(6) All the data so far obtained are in keeping with the iDossibility 
that an accessory pathway of A-V conduction (such as that described l)y 
Kent,® between right auricle and right ventricle) could be responsible 
for the phenomena manifested by these cases. 

(7) We therefore propose this new hypothesis. We recognize clearly 

*It is not improbable that certain cases of so-called reciprocal rhythm are explain- 
able by retrograde conduction tlirough the bundle of Kent. 
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that it is only an hypoihcsis. Nevertheless it seems a 
factory one and accounis for all the ])henomeim thus 
this syndrome. 


strikiniily satis- 
far observed in 


CAS1-: uvmouTS 


Case 1 -V. D., a white female, aRcd fourteen yoar.s, had suffered from p.aro.Kystn.s 
of tachycardia about once a week since the ape of two years. She w.as first seen on 
Alarch 22, 1932. E.\amination showed no evidence of cardiovascular dise.ise. o i 
heart sounds were reduplicated. The orthodiaprani was normal. 

The clcctrocardiopraphie studies arc shown in Pip. 1. Vapal pressure did not 
cause any change in the tracing. E.xorcise increased the hearty rale to 125 heats 
per minute, without changing the electrocardiogram. On April o, 19.12, the patient 
was studied during a paroxysm of tachycardia. Fig. 1 J> shows the tracing. '\ agal 
pressure did not stop the paroxy.sm nor change the electrocardiogram. J'urthcr 
studies are shown in Pig. 1 C and T>. 


Case 2.— E. B., a white male, aged thirty-foiir years, had e.xperienccd occasional 
paro.xysms of rapid heart aetion since the age of eighteen years. In Pehruary, 19.12, 
while playing golf, he suddenly heeamc conscious of rapid irregular heart action. 
Dr. Eichard Anderson of Burlington, N. .T., examined him and found that he had 
“an auricular fibrillation with a pulse deficit of atiout (>0." This paroxysm con- 
tinued for four d.ays. Dr. Anderson referred the ]):iti(‘nt to one of us on M.nrcli 10, 
1932, There was no evidence of cardiovascular dise.ose. Both heart sounds were 
markedly reduplicated. Tlie orthodiagram was normal. 

An eloctrocardiogam was made on March 10, 1932. It is not reproduced since 
it markedly resembles the tracing of Case 1 (Pig. 1). Tl\o P-E interval is O.OS 
second. The QE.S eomj)lex is widened .and its initial deflection is slurred — dtiration 
0.12 second. The T-waves arc opposite in direction to the initial delleclion of QE.S. 
Exercise increased the heart rate to 12") beats per minute*, without altering the 
electrocardiogram. 


Case 3. — A. B., was a white male, aged nineteen years, a student at the IJni- 
vorsitj’ of Pcnn.sylvania. lie had his cleclroeardiogram taken on December 13, 1929, 
when a routine study of a scries of normal students was being made, lie h.ad no 
complaints and no signs of cardiovascular disease. The orthodiagram was normal. 
The first heart sound was m.arkedly reduplie.ated. The elect rocardiogr.ani is not re- 
produced since it resembles that of Case 1 (Fig. 1). The P-E interval is O.OS second. 
The QE.S complex is widened and its initial deflection is slurred, dur.'ition 0.12 
second. Exercise increased the heart rate to 145 beats per minute and amyl nitrite 
administration raised it to lo.l, without changing the electrocardiogram. A re- 
examination was made February 1.3, 1931. No change had t.nken iilace in the interval. 

Case 4. — W. II. L., Jr., a white boy of thirteen years, was found to have an 
abnormal electrocardiogram during a routine niedic.al examination. He had no eom- 
plaints and no signs of cardiovascular disease. The orthodiagram was normal. An 
electrocardiogram was made in December, 1929 (Pig. 0 J). Exercise increased the 
heart r.atc to 130, without changing the electrocardiogram. There has been no 
change in the state of his health since the first examination. 


Case 5. T. B. G., a college boy of twenty-one years, had rowed on the crow 
for three years. He had no signs or symptoms of cardiovascular disease. His electro- 
cardiogram (Pig. C C) was taken January 7, 1929, during a routine study of the 
hearts of a group of college athlctc.s. No follow-up examination has been made. 

Case C.-H. B., a white woman of thirty-fivo years, had suffered from faticuo 
and undernutnt.on for several years. She had experienced “choking spells” for 
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two years, lasting from a few minutes to several hours. Her lieart rate had never 
been taken during one of these spells. She was first seen September 21, 1931. She 
had no evidence of cardiovascular disease. The orthodiagram was normal. Her 
electrocardiogram is shown in Fig. G B. The heart rate was increased to 125 by e.vor- 
cise, and to 155 by amyl nitrite, without changing the electrocardiogram. She was 
last heard from on July 5, 1932; at that time she was suffering from “nervous 
exhaustion. ’ ’ 

Case 7. — H. L., a white male of twenty-seven years, was a patient in the Uni- 
versity of Pennsylvania Hospital from November 12 to 30, 1925. He had evidence 
of severe congestive heart failure and -chronic glomerulonephritis. The heart was 
markedly enlarged. At one time a pericardial friction rub was heard. The notes 
state that the first heart sound was “markedly split.” He had suffered with 
“spells of palpitation” for four weeks. Short paroxysms of tachycardia were noted 
while he ivas in the hospital. Two electrocardiograms were taken (Fig. 2 A and B). 
The patient grew progressivclj' worse and signed his release on November 30, 1925. 
He probably died shortly thereafter. 

Case 8. — (We are able to report this case through the kindness of Dr. W. B. 
Porter of Hichmond, Virginia, who sent us the records.) D. A., was a white boy 
of fourteen years. During a routine examination on March 21, 1931, he was found 
to have an abnormal electrocardiogram. He had no complaints and no evidences 
of cardiovascular disease. The electrocardiogram is not reproduced because it is 
very much like that of Case 6 (Pig. 6 B). The P-R interval is 0.06 second. The 
QBS complex is widened and its initial deflection is slurred, duration 0.12 second. 

Case 9. — L. K., a white male is now twenty-eight years old. He was first seen 
on March 28, 1927, wdien he was a patient in the Hospital of the University of 
Pennsylvania with acute rheumatic fever. His rheumatic history dated back to 
1917, when ho had his first acute attack. In 1927 he had evidence of moderate cardiac 
enlargement; the blood pressure was 140/40 mm. There were signs of aortic insuf- 
ficiency and mitral insulHcieney and stenosis, but no evidence of. congestive failure. 
He was discharged May 28, 1927. He was seen again on July 7, 1932. His 
rheumatic infection had apparently been quiescent for at lejist four years. The 
cardiovascular findings were similar to those found in 1927. His functional classi- 
fication is now Class II-A. Electrocardiogi'aphic studies were made March 19, 1927, 
and again July 7, 1932. The former (Fig. 3 A) showed a short P-R interval and 
wide QES complex. The latter (Pig. 3 B) showed no abnormality of the P-R inter- 
val or QES complex. Vagal stimulation, by pressure in the neck and ocular pres- 
sure, did not cause any change in the electrocardiogram. The interval from the 
beginning of the P-wave to the end of the QRS complex is 0.22 to 0.24 second in both 
tracings. 

Case 10. — (We are able to report this case through the kindness of Dr, David A. 
Cooper.) S. G. was a white male, aged sixty years. He was first seen in 1927 on 
account of attacks of palpitation and dizziness. He was seen by a physician in one 
of these attacks on November 11, 1930, and was found to be fibrillating. A diag- 
nosis of myocardial disease was based upon the occurrence of paro.vysnial auricular 
fibrillation. He was first seen by us on January 29, 1930. An electrocardiogram 
showed a P-E interval of 0.09 second, and a QES complex widened and slurred in 
its initial portion, duration 0.12 second. The tracing is not reproduced since it is 
of the type shown in Fig. 1, Case 1. There is a certain amount of doubt as to the 
presence of cardiovascular disease in this patient. The blood pressure varies from 
120/75 to 165/90 mm. There has been no progression in his symptoms. He is lead- 
ing a fairly normal life without discomfort. The heart is “possibly slightly enlarged 
to the left.” There are occasional extrasystoles. 
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CORONARY ESIBOLISJPf 

Ot’J’o Sapiiir, 

Chicago, III. 

'P'j\IBOL1SjM of a coronary artery is a very nnnsual occurrence. In a 
recent review of coronary sclerosis, Bensoir stresses its rarity. The 
embolus may consist of air, fat, bacterial vcfretations from heart valves, 
particles loosened from atlieromatous lesions or broken-up thrombi. 
Only this latter tyjie of embolus will be referred to in this paper. In 
most eases on record the source of .such an embolus was either a mural 
thrombus in the sinus of Valsalva or ascending aorta, or vegetations 
from the aortic or the mitral valve. I^Iy purpose is to relate three in- 
stances of coronary embolism as proved by autopsj’’, and to review 
critically the literature of coronary embolism. Special attention is given 
to the source of the embolus, to its meehani.sm and to the type of death, 
whether occurring slowly or suddenly. 


HISTORICAL 


Virchow-’ in 1S5G was the first to describe coronary embolism. In a 
very short article on emboli in blood vessels, he referred to a female pa- 
tient, twenty-seven years old, revealing at autopsy a recent endocarditis 
of the mitral valve. On gross inspection of the heart, emboli were noted 
in the coronary arteries. No reference is made as to whether the pa- 
tient died suddenly. 

Hammer’® in 1S7S reported a case of coronary thrombosis in a thirty- 
four-year-old male. From his description, however, it is more likely 
that the lesion in question was an embolus rather than a thrombus. 
There also was endocarditis of the aortic valve and a thrombus in the 
sinus of Valsalva corresponding to the right aortic cusp. The author 
did not mention the type of endocarditis. The patient apparently sur- 
■\dved the embolism for eighteen hours. 

Huber’” in 1882 described an embolus in the descending branch of 
the left coronary arteiy in a sixty-four-year-old male. The patient died 
suddenly. The origin of the embolus ivas a thrombus in the main stem 
of the left coronary artery. Three similar cases Avere mentioned, but no 
details given. 

Horezynski’" in 1887 referred to a recent embolus in the circumflex 
branch of the left coronary artery. He did not defluitelj'’ state the 
source of the embolus, but mentioned a chronic endocarditis of the aortic 


•From the Department of Patholog-y of the Nelson Morris Institute of the JUchael 
Reese Hospital and of the University of Illinois Medical School, Chicago, Illinois. 
tAided by grant from the John D. Herz Fund. 
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valve. The patient, Avas a female, thirty-eight, year.s old, who died 

suddenly. , 

Hektoen” in 1892 noted an embolus in the left coronary artery at. the 

site of its division into the descending and circumfle.x branches in a 
thii'ty-two-ycar-old male who had died suddenly. The source of the 
embolus Avas a parietal thrombus in the aorta. 

Oestreich,"* in the same year, de.scribcd an embolus occluding the 
mouth of the left coronary artery. This case Avill be referred to later. 

Holiest oir- in 1896 mentioned tbe case of a seventeen-year-old male 
patient dying suddenly. An embolus Avas found in the descending 
branch of the left coronai’y artery, the .source oi Avhich Avas a ventricular 


thrombus. 

Chiari” in 1897 referred to an embolus in tbe main left coronary artery 
in a thirty-tAvo-year-old man. I'hc .source ol the embolus Avas apjmrently 
a thrombus occurring on a small atheromatous ulcer in the aorta. An 
organizing thrombus Avas found occluding the orifice of the main right, 
coronary artery. The patient had died suddenly. 

Welch^- in 1899 described the sudden death of a thirty-six-ycar-old 
female. There Avas an embolus in the do.scending branch of the left 
coronary artery. He did not mention specifically the source of the 
embolus, but stated that there Averc old and recent A'cgetations on the 
mitral valve and frc.sh A'cgetations on the aortic valve. 

ThoreP® in 1903 held thrombocndocnrdilic excrescences in the sinus of 


Valsalva corresponding to the left aortic cu.sp responsible for an embolus 
in the coronary artery. No reference Avas made to the exact location of 
the embolus or to the type of death. 

jracCallum-' in 1905 reported a case of a middle-aged male Avho died 
suddenly. There Avas a vegotatiA’c endocarditis of the mitral A-alvc and 
an embolus in the mouth of the left coronary artery. 


Lamb’® in 1913 described, in a case of vegetative and ulcerating aortic 
endocarditis, vegetations plugging the mouth of the left coronary artery. 
The patient, a male thirty-five years old, died suddenly. 

GallaA’crdin and Du Court'' in 1913 jnentioned an embolus in the de- 
scending branch of the left coronary artery in a male patient sixty-three 
years old. The death did not occur suddenly. There Avas an old myo- 
cardial scar Avith mural thrombi. Also, without giving detailed i-efer- 
enccs, they mention a case of Leclerc in Avhich an embolus Avas found 
in the circumflex branch of the left coronary artery in a patient Avho 
likcAvise had an infectious endocarditis. 


Kanfmami- in 1922 mentioned a case o£ sudden death in a male 

taancli o£ he left coronary artery. A thromiras avas tonnd on the aortic 
mtima just above the posterjor cusp of the aortic valve 

jeai-old hoj. Though the author mentioned a coronary embolus as a 
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possible cause of tbe aneurysm, no definite statements were found in 
this report to justifiy the assumption of an embolus. There was no 
statement as to whether death was protracted or sudden. 

Eindfleiseh"® in 1924 found an aneuiysm in a thirty-six-year-old male. 
He believed that an embolus in the coronary artery had produced the 
aneurysm. The embolus, however, was not described in this paper. Yet 
the author stated that it would be difficult to say where the embolus 
originated. This was not a case of sudden death. 

Benson and Hunter* in 1925 attributed fourteen instances of coronary 
occlusion to embolism but gave no details. 

Wolff and White"* in 1926 described three instances in each of which 
the source of embolus was an endocarditis. The ages were twenty-three, 
thirty-one and forty-six years respectivel 5 \ In two of these cases death 
occurred suddenlj’", while in one no reference was made as to the tyjie of 
death. They also reported a fourth ease which will be discussed later. 

Murraj’-^^ in 1926 referred to a young man dying unexpectedly. One 
of the coronary arteries was plugged by an embolus. The author did 
not designate which coronary artery was involved. Vegetations were 
found on the aortic intima close to the orifice of one of the coronary 
openings. 

Bopp® in 1926, in an article entitled “A Report of a Case of Coi’onary 
Embolism With Rupture of the Heart,” described a sclerosis of the left 
coronary artery with obstruction of the lumen, apparently produced 
by a calcareous mass. In his description there is nothing to indicate the 
presence of a possible source of an embolus in the eoi’onary artery. The 
patient was forty-six years old, showed a rupture of the heart, and died 
suddenly. 

Table I is included to summarize only those cases of coronary embolism 
which were proved as such at the autopsy'- and which were reported with 
more details. 

Table I indicates that death in the majority of patients occurred 
suddenly. It also shows that the left coronary is the most commonly in- 
volved artery, especially its descending branch. 

As to the general views expressed on this subject, it should be men- 
tioned that hlarie^- in 1896 stated that there is only one unquestionable 
case of coronary embolus on record. This is the case of Virchow.®* 
Welch®® in 1899 said that coronary embolism is far less frequent than 
thrombosis, but Marie’s®® position that scarcely more than one or two 
of the reported cases of coronary embolism are free from criticism 
seemed too extreme. Galiavardin and Dufourt® in 1913 mentioned that 
only three or four cases of coronary embolism are on record. Allbutt* 
in 1915 stated that embolism in the coi’onary vessels is probably a very 
rare event. Kaufmann,*® Dietrich," Jores,*® and Kirch*® also stressed 
the rarity of coronary embolism. 

It might be interesting to mention in this connection that Romberg®® 
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in 1925 discussed embolism and llu-ombosis of Ihc coronary arl cries in 
the same chapter, without especial dificrentiation betAveen the freciucncy 
of the occurrence of each disease. 

This survey of the literature indicates the rarity of coronary embolism, 
at least if one judges from the scanty case reports. Several of the rc- 
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ports reviewed here are apparently not convincing as examples of 
coronary emboli. Kar.snei-^ stated that if the occlusion of the coronarv 
artery is due to emboli, a source of the emboli must be indicated If the 

<'.o ea.c sh„„M 

e accepted as a proved case.oi coronary embolism, not only because it 

oroo'iT 

omco of tl,e embolus auls maternally in diltcfcntiation betn-een tbvombns 
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and embolus. This is the more important because the histological dif- 
ferentiation is very difficult and often cannot be made. Only in eases 
where the vessel wall is healthy is it evident that the lesion in question is 
an embolus rather than a thrombus. 

CASE REPORTS 

Case 1.* Clinical Findings: Tlie patient, a tliirty-five-year-old male, was ad- 
mitted to the hospital because of bronchopneumonia. The previous history was 
irrelevant. On the day after admission it was noted that the pneumonia was 
spreading and that there ivas auricular fibrillation. He was given digitalis and 
put in an oxygen tent. A few days later, the patient wms quite restless and com- 
plained of pain in the right leg. Subsequently, the leg became cold from the mid- 
thigh down, dusky, and of a mottled blue color. The right femoral artery showed 
no pulsation at the inguinal ring. Gradually, the leg became mummified and ampu- 
tation was advised as soon as the patient’s condition improved. About three weeks 
after the first onset of pain in the right leg, a definite line of demarcation of the 
gangrene had formed, and, under ethylene anesthesia, the leg was amputated be- 
tween the middle and lower third of the femur. TJie popliteal artery and veins 
were occluded. Just below the knee an abscess was encountered, ■which -was cultured 
and revealed streptococci and staph 3 'lococci. The patient gradually improved after 
the operation and was in excellent condition. Seventeen daj's after the operation, 
without any premonitory symptoms, he died suddenlj'. The clinical diagnosis was 
resolving pneumonia; embolus in the right femoral arter}’, with gangrene of the leg; 
thrombosis of the right femoral vein, and pulmonarj’ embolism. 

Autopsy Findings; The autopsy revealed a well developed but markedly emaci- 
ated white male about thirty -five j'ears old. The right limb had been amputated at 
the junction of the lower and middle thirds of the femur. The pericardial and 
pei'itoneal cavities appeared normal. Both pleural cavities, however, -(vere partiallj' 
obliterated; there were fibrous adhesions which were torn with difficulty. The aorta 
showed a marked diffuse arteriosclerosis with an atheromatous ulcer verj' close to 
the bifurcation. The ulcer was covered bj'^ a mural thrombus. The right femoral 
artery was completeh' occluded by an embolus. The right external and internal 
iliac arteries also revealed arteriosclerotic changes. The right femoral vein "was 
completely occluded bj’ a thrombus ■V'hich extended into the right iliac vein. The 
heart was enlarged, weighing 400 grams. The right auricle contained an embolus 
which extended into the right ventricular cavity. The foramen ovale was patent. 
A small embolus was found in the descending branch of the left coronary artery 
in an area about 1 cm. from its point of origin. The intima of the coronarj’ ar- 
teries was smooth. The remainder of the heart showed no changes. Both lungs 
were air containing, with the exception of the right lower lobe which was firmer 
than normal and which on section showed many large areas which were coarsely 
granular in appearance, dry and gray. There yrcre several minute emboli in tlio 
smaller branches of the pulmonary arteries on both sides. The hilus nodes were en- 
larged. On section, some of them were partiallj' calcified and showed caseous 
necrosis in their centers. The brain was moderately hj'pm'CJ'iic. Jlultiple sections 
of the brain showed no pathological changes. 

Histological examination of the lung revealed a characteristic organized broncho- 
pneumonia. The smaller and larger arteries in the sections of the lung showed 
marked arteriosclerosis. The thrombus in the femoral vein and the embolus in the 
femoral artery proved to be organized. There also was an acute and chronic in- 
ilammation around the femoral vein. 

•I am indebted to Dr, George Davenport for the clinical notes. 
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Summary; This »us a caso ul' (lin'nsa ai-lcn<isrlcros,s Mill mu . 
HiromM iu the aorta, from M-liieh a pieee hart hroken loo.se a.ul lortsci 
in the rio'lil femoral artery, eansin-i: <ran<rrene oi llio le-r. 1 Uo matked 
arteriosekrosis of the femoral artery, the pressure of the oinholu.s tipmi 
fhe femoral vein, and also the inflammatory ehan<res elo.se to the vmn 
might have been responsible for the thrombosis of the femoral vein. 
Pieces of the thrombi had broken loose and formed emboli \vhieh lodged 
in small branches of the jinlmonary artery and also in the right auriele. 
liartially extending into the right ventricle. There was a patent ioramen 
ovale through which an cinliolus mu.st have entered the left lieart and 
lodged in the descending hraneh of the left coronary artery. Tlie ])a- 
tient died .suddenly. 


Cask 2.“ Cliniral J’huliuiis: TIic ]i!il‘u‘nl, st*v<‘nfy yi-ni-.s old, male, mji.s jidniitted 
to the liospital lan-auso of attafd:s of pahi tyjiioal of angina jioctori.'i. Tlio iiliy-sic.'il 
oxatnination rovoalod weak lint rogular lioavt sotinds. ^PIk* lio.'irl \v;is onlaigtat on 
percussion. Tlio liver was also enlarged. A ^lerieardial friction riili w.as noted. 
few (lays after adniissioii to tlie liospital, anrieular fibrillation developed. Tin' 
patient gradually improved, but on tlie sixth day of his liospitalizaf ion hi.s ])ul.si> 
suddenly bceanie weak and irregular. ('heyne-Stokes bn'jithing and nnirked oynno.sis 
developed, and lie died witliin a few minutes. The elinieal diagnosis w;is enroii.'iry 
thrombosis and iiiyocJirdial infarction. 

Autopfttj l'iniIi»{iK; Tlie liody was tliat of a welt devetotied. sligtitly emaciated 
white male aliout seventy years old. There was Ji diffuse arteriosclerosis, with marked 
eoroimry sclerosis. The iiearl was Iiypi'itrophie and dilated, weighing (>lb‘ grains. 
There was an artorioselerotie oeeln.sion of the ramns imirginis oiitusi of thi' left 
coronary artery and a recent infarct in the lateroposterior ivall of tlio left ventricle. 
An acute fibrinous pericarditis was found in tiie eorre.sponding area of tlio jievi- 
cardiuin. The eirciimflex Iiraiieh of tlie right coronary artery in an area about 1 cm, 
from its moutli, showed an atlieromatous ulcer and a small mural thrombus. In 
the region where the posterior descending hraneh eoine.s off from fhe right eireiim- 
flc.x, there was au embolus, about 1 cm. in lenglb, eomidi'lely oecludiug tiie liimeu 
of till' right o.ircmiifle.x branch. The autop.sy further revealed elironie jiassive hvper- 
cmia of the visceral organs but otherwise no changes of note. 

irUtolof/ieiil Kxdmimtiou: Reetions of the eireumlle.x braneli of the right coronary 
alter} which ooutained the thromlius showed a typical atlieromatous ulcer. Tlie 
thrombus revealed evidence of organization, while the seefimis which were taken 
from the region of tlie emlmlus showed no attempt toward organization. 


Summar}i ; Ibis was a case ol macked Jii'lcciosclevosis. coronary 
sc]erosi.s, and coronary Ihvomhosis with myoctirdial iniarction. The 
thrombus, loctifcd in tlic proximal ])ortiou of the circumflex branch of 
the right coronary ttrlcry, showed evidence of organization and did not 
completely occlude the lumen. To .iudge from tlie appearance of the 
thrombus and also from the history, it is likely that the thrombus was 
about SIX days old. A jiicee of the thrombus had broken loose tiud formed 
the embolus which had lodged in the region where the posterior de- 
scending bvauch ooiiics otV the right cireumtlex hraneh. ddie patient 
tied suddenly as a result of the coronary embolism. 


*1 am intlcbtod to Dr. Di 


con Bloch for the cliiiicnl notes. 
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Case 3. — This -was a private case -which was not admitted to the hospital.* Tlie 
patient, a male seventy-two years old, had a history over a period of seventeen years 
typical of angina pectoris. He had been under the constant care of a physician dur- 
ing the last six years of life, having more or less constant attacks of angina pectoris 
and attacks of pain in the legs. After a quiescent period of some duration he again 
had a sudden severe attack which was diagnosed clinically as coronary thrombosis. He 
improved, however, and was well for about a year when he had another similar, very 
severe attack. He reeovo 2 'cd, howevei', but sliowed signs of congestive heart failure. 
His heart did not seem to be enlarged. There was a slow but definite improvement. 
Without warning, however, he died suddenly three weeks after the last attack. The 
clinical diagnosis was coronary sclerosis and thrombosis, with myocardial infarction, 
and probable rupture of the heart. 

Autopsy Findings: The body was that of a well developed and well nourished 
white male of about seventy years of age. Both pleural cavities contained a slightly 
excessive amount of fluid. The pericardial and peritoneal cavities appeared normal. 
The heart was enlarged, weighing 500 grams. An aneurysm in the apical portion of 
the left ventricle was found, as well as a diffuse myocardial fibrosis. There was a 
sclerosis of the coronary arteries and complete occlusion of the descending branch 
of the left coronary artery bj- an old, completely organized thrombus. The aorta 
revealed marked arteriosclerotic changes, with an atheromatous ulcer in the aortic 
wall of the sinus of Valsalva; the ulcer was covered by a thrombus. The mouth of 
the right coronary artery, being very close to the atheromatous ulcer, was plugged 
by a very recent embolus which apparently had arisen from the thrombus covering 
the atheromatous ulcer. The remainder of the visceral organs showed evidence of 
chronic passive hyperemia. 

Histological examination of the aorta showed a tjpical atheromatous ulcer 
covered by an organizing thrombus. The embolus at the mouth of the right 
coronary artery revealed no evidence of organization. 

Summary: This was a case of diffuse arteriosclerosis, with old oc- 
clusion of a main branch of the left coronary artery. The embolic oc- 
clusion of the mouth of the right coronary artery was responsible for 
the sudden death. 


DISCUSSION 

Each of the three cases showed a coronary embolus which had led to 
sudden death. The sources of the emboli were a venous thrombus (by 
patent foramen ovale) in the first instance, a mural thrombus in the 
coronary artery in the second instance, and a small mural thrombus 
covering an atheromatous ulcer in the sinus of Valsalva in the third 
instance. 

The first ease is of interest because of the unusual source of the 
embolus and the paradoxical embolism. I was able to find only one such 
case in the literature. This ease was reported by Wolff and White.®^ 
These authors described a forty-three-year-old female with a carcinoma 
of the ovaries. The pelvic veins were thrombosed. There was a patent 
foramen ovale, and an embolus was found in the descending branch of 
the left coronary artery. The aiithors did not state whether the patient 
succumbed slowly or whether death occurred suddenly. A somewhat 

*I am inflebted to Dr. Solomon Strbuse for his clinical records. 
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similar case in which the embolns, however, consisted of Uimor cells 
was described by Thompson and Evans.^** They found a primary teia- 
toma of the testis in a patient who at autopsy also revealed a patent 
foramen ovale and a tumor embolus in the left coronary artery. Ihe 
authors did not state which branch was involved. Emphasis was laid, 
in their article, upon the mechanism of paradoxical einbolism.^ To favor 
the establishment of a paradoxical embolism, they believed it essential 
that over one-third of the pulmonary circulation be depleted by a pul- 
monary embolism or that the pressure in the right auricle be increased. 
'Wittig'’® maintained that the presence of a thrombus and open foramen 
ovale is not enough to explain paradoxical embolism. The flow of blood 
from the right to the left auricle is essential. He believed that an in- 
creased pressure in the right auricle as seen in cases of emphysema or 
pneumonia may be responsible for the passage of blood through the 
foramen ovale. Our case revealed an organizing bronchopneumonia, 
multiple emboli in branches of the pulmonary artery, and, also, an 
embolus in the right auricle, extending partly to the right ventricle. 
These findings might easily explain an increased pressure in the right 
auricle and be responsible for the passage of the embolus from the right 
into the left auricle. It probably is purely accidental that the embolus 
lodged in the descending branch of the left coronary artery. 

It is interesting to note that a single embolus in one branch of the 
coronary artery has caused sudden death. None of the other coronary 
branches revealed any changes. This should be emphasized in view 
of the fact that a complete occlusion of a branch of the coronary artery, 
either by arteriosclerotic plaques or by a thrombus, does not necessarily 
lead to sudden death. This patient was thirt3'--five years old, at which 
age collaterals of the coronary arteries apparently were not yet estab- 
lished sufficiently (Gross®). Also, the fact that the coronary arteries 
were normal seems to speak against the assumption of a collateral circu- 
lation. An embolus in a main branch of the coronary artery, therefore, 
must have shut off enough of the nutrition of the heart to be responsible 
for the sudden death. 

The second case was typical of coronary sclerosis and thrombosis with 
myocardial infarction. The patient also had a mural thrombus in the 
circumflex branch of the right coronary artery which, however, did not 
completely occlude the lumen. The thrombus must have been present 
for some time because of its organization. The patient, therefore could 
not have died of the thrombus. The death finally occurred suddenly fol- 
\omng lie embolus which had resulted from the mural thrombus. 
Emphasis might be laid upon the faetithat both the thrombus and the 
embolus were found m tbe same branch. This shows how important it 

, arteries in such cases completely and not to 
slop the dissection when a thrombns is found in the proximal portion of 
a coronary artery. Tbe patient died Suddenly of Lonary "emwlm 
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The abrui)tness oi‘ the death is explained by the additional findings of 
the marked arteriosclerosis of other branches of the coronary artery and 
the old mjmcardial lesions. 

Hubei’d- as Avas mentioned before, described in detail one similar 
ease. He also referred to three other cases bnt Avithout details. 

The third case is A-ery unusual. The sudden death Avas undou])fedly 
caused by the. embolus AAdiich occluded the mouth of the right coronary 
artery. The left descending branch AA'as plugged by an old thrombus. 
There are scA’eral cases reported in the literature Avhich are someAA'hat 
similar to this one. Oestreich-^ reported a thirty -year-old male dying 
suddenly during his Avedding night. There AAms an arteriosclerotic ulcer 
eoA^ered by a thrombus in the aorta at the site of the sinus of Valsahm. 
The mural thrombus had occluded the mouth of the right coronary 
arterj’-. The thrombus also gaA’e rise to an embolus Avhicli had lodged 
in the main stem of the left coronary artery. Cliiari” described a 
thrombus A\diieh had occluded the main stem of the right coronary artery. 
There Avas also a recent embolus in the main stem of the left coronary 
artery. The thrombus from which the embolus originated apparently 
occurred on the basis of an athei-omatous ulcer in the sinus of ValsaKm. 
Barth- referred to a thirty-year-old male wdio died suddenly. A 
thrombus had occluded the mouth of the right coronaiy artery. The 
thrombus occurred on the basis of an atheromatous ulcer of the aorta 
situated close to the opening of the right coronary artery. 

The sudden death in the last case is easily explained in augav of the 
fact that there AAms also an old thro7nbus in the descending branch of 
the left coronary artery. The recent embolus Avhich had occhided the 
mouth of the right coronary artery, took its origin, as in the three last 
mentioned reports, from aii athei-omatous ulcer in the ascending aorta. 

Why the coronary arteries are so rarely the seat of true embolism is 
YQvy difficult to explain. Harie-- belicA'ed that the marked difference 
of the calibers of the aorta and the coronary arteries is in part re- 
sponsible for the rai'ity of coronary embolism. PoAvelP^ stated that the 
situation of the coronary A-essels at the commencement of tlie aorta, the 
right angle at Avhich they leaAm the A-essel and the bulk and impetuosity 
of the blood current at this portion are all conditions unfaAmrable to 
the passage of a clot into these small sized arteries. This oiiinion is 
also shared by Benson.- If the i-ight angled departure ol‘ the coronary 
arteries Avere the onl}’’ reason for the rarity of coronary embolus, this 
might explain AA'hy emboli do not more frequently lodge in the coronary 
A’essels, but would not explain Avhy the mouth of the coronary artery is 
not more frequently inA-oHed in embolism. The A-arious eddies at, the 
mouths of the coronai-y arteries as jiroduced by s.ystole and diastole, 
and also the peculiar floAv into the coronary A-esscls during .systole and 
diastole might ex]ilain the rare inA-oh-ement by emboli of the mouths ot 
the coronary arteries and of the \-essels themseh-es. 
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The litoraliive on eoronavY omliolism is rcYiewcd :m<l th< i.uit' ol^ 
such im (K-euvreuee emplnisized. ('asos in which llic sonice ^ 

on,l,olis,„ is n,.l IVm„,l «l s.Usps.v slmuM not W s-ssT'-l 
of covonavY einholisin. 'I’livee cases of coronary eniholisiii are rciuntc.l. 
In one, the source of the einholus: was a thrninhns in llie Jinnoval Ycin ; 
there was also a ladenl foramen ovale. In the second case, the source 
of tlie cmlndus was a mural thromhus in the ritiht coronary artery oc- 
eurrini^ on the basis of an atheromatous ulcer, 'rhe embolus had Iodized 
in the distal part of this artery at the orifzin of the ]iosterior de.semidiiiM: 
branch. In the third instance, llie source of the (jinbolus winch had oc- 
cluded the mouth of the riizht coronary artery was a thrombus occurrinir 
on an atheromatous ulcer in the rejzion of the sinus of ^ alsalra. In all 
three instances the jiatients died suddimly. 
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OBSERVATIONS ON ARTEREVL BLOOD PRESSURE DURING 
ATTACKS OF ANGINA PECTORIS' 

Samuef^ a. Levine, i\I.D., and A. CARt/roN Eunstenk, ^I.D. 

Boston, Mass. 


T he character, intensity and distribution of the pain of angina 
pectoris have long been a matter of clinical study and speculation. 
At present, however, the phenomena taking place during the actual 
anginal attacks are being investigated in greater detail. Changes in the 
electrocardiogram have been noted during spontaneous attacks of angina 
pectoris,’- - ” and during attacks produced by epinephrine^ or by de- 
liberate effort.® Prcciuent reference has also been made by many writers 
to changes in blood pressure during such attack's. Curiously enough, 
although such statements arc very common, data concerning the blood 
pressure during anginal spells are very meager. The statement is fre- 
quently seen that the blood pressure during attacks is variable, that it 
may be unchanged or be lowered or increased. Such arc the views ex- 
pressed by Keefer and Resnik® and by Sutton and Lucth.’ It is notice- 
able that, with few exceptions, the cases that arc iiublishcd in detail .show 
a higher level of blood pressure during pain than when the attack has 
subsided. The four eases reported by Lewi.s® and the eight by Biirgcss” 
all showed higher levels of blood pressure during spontaneous attacks 
of angina than those found in the same jiaticnts when free from jiain. 
Only two of the thirty patients studied by Wood and Wolfcrth® showed a 
fall in blood pressure during attacks of angina. AllbutU® also men- 
tions a similar ease with a fall in blood pressure. It is the purpose of 
this study to record additional observations on the blood pressure during 
attacks of angina pectoris and to ui'ge others to make similar notations. 

The opportunities to make examinations of the blood jircssure during 
attacks of angina are neither numerous nor conducive to prolonged 
study. The physician under such circumstances feels the need to bring 
the attack to an end and necessarily uses medication Avhich of itself 
diminishes the blood pressure. It is tlierefore more difficult to draw 
the proper conclusions concerning the blood pressure changes than it 
would be if we dared to await the spontaneous disappearance of the 
attacks. There is much of an inferential character, however, to be ob- 
tained from these experiences. We have liad the opportunity during 
the past decade or so to obtain readings of the blood pressure during 
^ontaneous attacks of anginal pain in twenty-three patients (Table I)! 
Of the accuracy of the diagnosis in these cases there is very little doubt. 
No atte mpt has been made to correlate the time of disappearance of the 
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pain and the change in iilood pressure. Tiiis has lieen done in small 
groups of patients by Lewis® and Burgess.** In seven of our patients, 
the level of the blood pressure preceding the attack was known. In some 
of these, the readings were actually obtained a few minutes before the 
attack. In most of the cases, the attack was brought to an end by the 
use of nitroglycerin. In three, however, the pain was allowed to subside 
spontaneously, and blood pressure measurements were therefore obtained 

Table I 


Observations on Arterial Blood Pressure in Sui{.ject.s With Angina Pectoris 


sub- 

ject 

SEX 

AGE 

ARTERIAL BLOOD PRESSURE 

NITROGLYCERIN 

ADMINISTERED 

UEEORE ATTACK 

DURING 

ATTACK 

AFTER ATTACK 

RE.ADING 

INTERVAL 

BEFORE PAIN 

READING 

INTERVAL 

AFTER PAIN 



YEARS 

MM.llG 


MJI.HG 

MM.HG 

MINUTES 


R. B. 

F 

33 

140/00 

Few iniimtes 

180/20 

140/90 

6 

Tes 

A. E. 

F 

50 

110/70 

Few minutes 

164/94 

132/88 

c 

Yes 

R. W. 

F 

Go 



170/85 

155/85 

3 

Yes 

M. W. 

M 

53 



138/82 

98/76 

11 

Yes 

S. S. 


60 



240/140 

210/120 

4 

Yes 

M. S. 


62 



190/90 

170/85 

3 

Yes 

H. R. 


56 



172/110 

154/95 

5 

Yes 

L.H. 


64 

160/90 

10 iniimtcs ± 

230/140 

165/95 

6 

Yes 

J.G. 

M 

50 



134/90 

96/40 

10 

Yes 

M. G. 

III 

62 



196/110 

152/90 

4 

No 

S. C. 

M 

54 



230/120 

204/108 

5 

No 

M. L. 

M 

68 



210/110 

130/80 

300 

Yes 

M. H. 

M 

68 



215/130 

150/100 

3 

Yes 

T. G. 

M 

62 



210/110 

140/80 



S. F. 

M 

45 



140/80 

108/78 

3 

Yes 

F. B. 

M 

GO 



IGO/IOS 

115/75 

15 

Yes 

H.B, 

M 

68 



210/145 

195/120 

5 

Yes 

P. A. 

M 

62 

140/100 

10 minutes ± 

200/102 

126/92 

10 

Yes 

M. C. 

F 

Go 

170-190 

During pre- 








70 70 

vious months 

210/94 

190/90 

4 

Yes 

A. G.-- 

M 

31 



165/90 

140/90 

4 

Yes 

B. P.t 

M 

70 



204/80 

168/64 

10 

Yes 

E. C.t 

F 

28 

112/80 

Feiv minutes 

148/98 

114/90 

5 

No 

F. R.t 

M 

15 

130-140 

Few liours 

210/90 

140/50 

60 

Tes 




50 40 







*Ha<3 thvrotoxicosis in addition to ang^ina pectorif,. 

tHad syphilitic aortic insutnciency in addition to angina pectoris. 

JHad rheumatic aortic stenosis and insufficiency in addtion to angina pectoiis. 


nninfiueneed by the use of vasodilator drugs. In not a single instance 
did the blood pressure level fail to be higher during pain than after the 
pain bad subsided, or than before the attack had started in those in- 
stances where earlier readings were available. 

The obvious criticism may be raised that the blood jiressure would 
have to be lowered after the use of vasodilator drugs. In seven of the 
patients, however, it was known that the level to which the pressure re- 
turned was the one customarily found in that same patient when lice 
from pain. It is most significant that in no instance was the pressiue 
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clurino’ ano’iiial pain lower than a1 other times. 'Phis point doscvvcs pai- 
ticular attention in the li-ht oP tlie .statement frequently made in medical 
writings that the blood pressure may fall during anginal attacks. - ' 
We believe that such an oecurreiiee must be very rare. AMieii a tall 
in blood pressure lakes iilaee, one may reasonably suspect, either that 
an attack of coronary throinbosis is occurring or tliat the pain is not 
anginal in character. A reconsideration of four cases iiublishcd by 
one of us*- ten years ago well illustrates the difficulties in this ])roblem. 
Of these four cases, the one which showed a fall iu blood pre.ssurc un- 
doubtedly had a coronary occlusion. A review of all the clinical data in 
this case (fever, leiicocytosis. luilmonary edema and sudden death) in 
the light of our present knowledge makes this diagnosis certain. Another 
patient with no change iu blood jivessure had afiical ]iain accoinpaiiA ing 
hypertension and only develojied the typical substernal jiaiii ot angina 
pectoris some years later. 'Phe remaining two showed the customary rise 
in blood pressure during attacks. 

The question may readily be asked whether the pain of angina ])octoris 
does not of itself produce the elevation in blood pressure. We have had 
the unusual opportunity of ob.serviiig a patient with angina pectoris 
during two different attacks of severe renal colic. 'Pwo hyjiodermic iu- 
.ieetions of 15 mg. of morphine were reipiircd to bring relief in both thc.se 
attacks. During the height of the pain thei*e was no anginal discomfort 
and the blood pressure remained unchanged. Numerous readings during 
the course of nine years were available in this case. 'Plie systolic. ])re.s- 
sure ranged between 120 and 140 mm. Ilg, and tlie diastolic iire.s.sure be- 
tween 70 and 80 mm. Ilg. At the height of the pain from renal colic on 
one occasion the readings were 140 mm. ITg sy.stolic and 80 mm. Ilg di- 
astolic with a pul.se rate of 08 per minute; aud on the other occasion 
they were 120 mm. Hg systolic and 80 mm. Hg diastolic with a ])nlsc rate 
of 62 per minute. AYe cannot therefore accept the contention tliat tlie 
pain of angina pectoris is the cause of the elevation in blood pressure. 
On the other hand, the almost, constant association of rise in blood jires- 
sure with anginal pain makes one suspect that the two are related. 
Both may be concomitant results oi a third unknown intluence or the 
elevation in pressure may actually produce the jiain. I’he fact that in 
the subsidence oi the attack, pre.ssure levels need not. go hand in hand 
with the disappearance of paiiY- » docs not dismiss the possibility that 
the onset of the attack was actually produced by the increased pressure. 
It would be interesting and important to ascertain whether attacks can 
e precipitated by other methods of elevating pressure and whether the 
induction of attacks can be inhibited by preventing a rise in pressure. 

SUAIAIABY 

Blood pressure readings were obtained during spontaneous attacks 
ot angim pectons m twonty.fhrec patients. In seven, the previous Moot! 
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pressure readings were know. In three, the attacks were allowed to 
end spontaneously, and in twenty relief was obtained by administering 
nitroglycerin. 

In every instance the level of the systolic pressure was distinctly 
higher during pain than when the patient was free from pain. Although 
this may not be an invariable relationship, this study and a survey of 
the eases recently reported leads one to the conclusion that a failure 
of the blood pressure to rise in anginal attacks is rare. 

Evidence is presented to show that in patients mth angina pectoris, 
pain alone, e. g., that of renal colic, neither produces an elevation in 
blood pressure nor brings on an attack of angina. 

Although we suspect that a temporary elevation in blood pressure is an 
important factor in the production of anginal attacks and may even 
be a necessaiy immediate cause of the attack, a final decision as to this 
relationship wdll require further investigation. 
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THE OCCURRENCE OP HEART-BLOCK IN CORONARY ARTERY 

THROMBOSIS^' 

David Ball, M.D. 

New York, N. Y. 

T he occurrence of heart-block during the course of an acute coronal}' 
artery thrombosis is rare. The case to be reported, wliich has been 
studied in gi’eat detail with frequent serial electrocardiograms, revealed 
an early complete heart-block, which in a retrograde fashion went 
through the stages of partial heart-block, gradually returning to noimal 
sinus rhythm, with complete recovery. 

Acute coronaiy artery thrombosis usually occurs in individuals with 
a normal cardiac rhidlim and in the majority of cases the rhythm re- 
mains regular. However, various arrhythmias can occur with the on- 
set, and during the early stages of an acute coronary closure. The fre- 
quency with which disturbances in rhythm may be detected will depend 
largely upon how often the patient is examined, since many of the ir- 
regularities are transient and often cause few if any symptoms. 

Premature contractions, both ventricular and auricular, are observed 
during the early stages of an attack and are of little or no significance. 
Paroxysmal auricular fibrillation occurs more frequently, Levine^ ob- 
served it in 34 instances of his series of 145 cases. He did not find that 
this arrhythmia materially altered the prognosis of the case. Occasional- 
ly permanent auricular fibrillation remains. Auricular flutter is rarely 
seen, and in one case personally observed, the patient recovered. A more 
uncommon but important disturbance in rhythm is the development of 
paroxj'smal ventricular tachycardia. This condition has been well de- 
scribed by Herrmann,- Robinson,® and Levine,’ and Levine, Stevens, and 
Fulton.® The prompt recognition of this disturbance and institution of 
proper therapy may prove life saving. 

Complete A-V dissociation during an attack of acute coronary artery 
thrombosis can occur and has been observed. Levine’- observed it only 
twice in his series of 345 eases, an incidence of 1.37 per cent. Both cases 
proved fatal. One of the earliest reports of transient complete heart- 
block in coronary thrombosis wtli recovery was that of Prothiimhain® 
in 1927. ° 

The presence of complete heart-block during the earl}' stage of a 
coronary closure lias not been adequately explained. A careful sLidy of 
the case to be reported together with an anal}'sis of the cases of heart- 
block in coronary thrombosis described in the literature furnishes a kev 
to the explanation for its occurrence. 

‘Prom the Medical Service of Dr. A. A. Epstein. Beth Israel Hospital, New York 

327 



328 


TIIK A:\IEKICAX IlEAKT JOURNAL 


While heart-l)lock in coi’onary closure is uncommon, it is even more 
rare to observe all of its stages in one individual in whom recoveiy has 
taken place. The report of such a condilion with frequent serial electro- 
cardiograms is i)resented. 

CA.SE REPORT 

A. S., B. I. II. Xo. 4451 7, innle, aged forty-.six year.s, walked into tlie out-patient 
department of tlie Beth Israel Hospital, and ])resented the following history: Two 
days previously, while walking home from work, he suddenly exi)ericneed a burning 
sensation in the region of the lower sternum and epigastrium. He continued to 
walk and when he reached his home he vomited ])rofusely and broke out into a cold 



Fig. 1. — Electrocardiogram taken first day, about forty-eight iiours after onset of 
attack. Complete auriciiloventricuiar dissociation. Auricular rate 117, ventricuiai 
rate 45 per minute. T- slightly inverted. T.t deeply inverted with cove-plane 
shape. Deep Q-waves in Leads 11 and III. 


sweat. He slept xmorly that night because of pain and burning in the epigastrium 
which was almost constant. There was difliculty in breathing. The pain was in- 
tensified when he was lying on the left side, and he perspired profusely during the night. 
He remained at home the next day and complained of intermittent burning and 
pain in the epigastrium and lower chest, which continued through the night but 
was less severe than the night before. He then walked about one mile from his 
home to the clinic. The pain became worse on walking, and for the first time it 
was felt in the region of the left shoulder. Physical examination revealed signs of 
an extensive pericarditis. The heart rate was 72 per minute and there were oc- 
casional premature beats. He ivas uninediately sent into the hospital. He protested 
and maintained that he had only “stomach trouble” and did not require hospitali- 
zation. When examined in the ward, he showed the following: Teiripcrature 100.2 , 
pulse .50, respiration 24. He was sitting uji in bed and did not appear acuteh ill. 
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He ^vas only slightly clyspueic and perspired moderately. There was sliglit cyanosis 
S i lips/and\e\omiiained only of yery slight pain hehind the lower sternu^ 
Pressure over the styloid process (Libman’s test) indicated an indiy.dual who nas 
markedly hyposensitive to pain stimuli. The apex beat was not visible nor palpable, 
but the heart was slightly enlarged to the loft on percussion. The rliytliin uas legulai 
and the rate 50 per minute. A typical loud, leathery to-aiid-fro pericardial Inc- 
tioii rub was heard over almost the entire precordial area. The first heart sound 
rvas impure and at times was hoard with a varying degree of intensity due to the 
varying time relationship between auricular and ventricular contraction as occurs 
in complete heart-block. A third sound, distinctly grating in quality, was constantly 
lieard in about the middle of each long diastolic pause. It was at first thought that 
it was either an auricular or a pericardial sound. The final impression was that 



tins peculiar sound was of pericardial origin, produced bv the visceral and parieta 
layers of the pericardium coming in contact during the diastolic “ballooning’' on 

heart-block The lower edge of the liver rvas 5 cm. below the costal margin Tli 
Instory and the peculiar clinical findings suggested the diagnosis of acute coronar 
artery occlusion, probably involving the right coronary arterv, with complete A-i 
dissociation. The cluneal diagnosis of right coronarv arterv occlusion was mad 
because of the enlargement of the liver and the associated' heart-block 'picctre 

vZzz X‘r..X‘"Jptatrg“ii;s Ttz Zn 

reinarkahly free of s-niintmiK! a,,..- three times. lie wa 

eight days. The temperature whicl7on '^nds i'ospital stay of fifty 

uliich on admission was 100.3°, rose to 102° on th 
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Pie. 3, — Seventh day. T\vo-to-one block. R-T .segment Lead I almost isoelectric. 

Ta less inverted. 



Pie. 4. — Eighth day. Two-to-one block in Lead I. Varying two-to-one and one-to 
one conduction in Lead II. Two-to-one block in Lead III. 
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second dny nnd gradually declined, becoming normal on llie aislli day. Tlio ivliilc 

Mood eonnt on admiasion >vns 16,050 rvitl. 82 l.cr eeal 1>» I"”' 

scdlmenlation rate was 42 per cent (norm.al ,1 10 lO per cent). I .0 

sisted for tlireo weds and the sedimentation rale became nornial (.. per cent) llm 

tont sLnti, day. Tl.e blood pre.ssoro varied between 02 and 1.16 ,„m. of mercury 

Ltolic, nnd OS to 90 nun. diastolic. Tim blood Wnssermann and urine esaniina- 

ttons wmo negative. The liver, wbieb was at (ir.st enlarged, gradually 

could no longer be felt after the seventh day. Tim complete ImarLbloch 1.15 cd 

for six days. During this period, the ventricular rate (elect rocardiogi apliic.ilh ) 

varied heU'cen 45 and GO per minute. Clinienlly, the heart rate dropped as low 

as 42 per minute. On tlic seventh day, the electrocardiogram (Fig. a) showed a 

two-to-one heart-block with a ventricular rate of .53 per minute, and becau.-^e of tins 



a return to normal sinus rbytlim was anticipated. The no.xt day (cigJith dav) Iho 
cardiac rhythm was irregular. The electrocardiogram (Pig. 4) showed an nrrhHhmia 
due to a varying two-to-one block and one-to-one A-V conduction. The rhvthm be- 
came regular the next day (ninth day). Eleetrocardiograin (Pig. 5) showed a 
normal sinus rhythm with a rate of 82 per minute. The P-E, interval mLnrod 0 22 
second, the last remaining evidenee of the hcart-bloek. On the next day (tenth dav) 

and lesser inversion of TV The T-waves in Lead I 
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never became inverted. All of the electrocardiograms showed deep Q-waves 
in Leads II and III, The teleroentgenogram showed slight enlargement of the left 
ventricle. After the patient was discharged from tlic hospital he was not scon for 
five months. He then stated that for the preceding four months he had been working 
daily pressing shirts eight to nine hours a day, and felt perfectly Avell. Blood pres- 
sure was 180/110 mm. The heart was slightly enlarged to the left. The rhythm was 
regular and the rate SO per minute. The heart sounds at the apex were of good 
quality, and the second aortic sound was moderatelj' accentuated. Botli lungs were 
clear and the liver was not jjalijablo. The electrocardiogram (Fig. 8) now sliowed 
very little evidence of previous cardiac damage. It is significant to note that the 
Q-waves in Leads II and III wore still deep. On the basis of the enlargement of 
the left ventricle and elevated blood pressure, it is assumed th.at this patient had a 



I m j 

Pig'. 8. — Electrocardiogram taken six months after the acute attack. Q= and Qa are 
still deeply inverted. Ts slightly upright and Ta inverted. 

hypertension for some time and the first evidence of vascular disease was the oc- 
currence of an acute coronary artery occlusion. 

DISCUSSION 

In many cases of coronary artery thrombosis one can, from the electro- 
cardiograms, determine whether the occlusion involves the left or the 
right coronary arterj’-, as was first shown by Parkinson and Bedford^ 
in 1928. They carefully described the successive changes in the electro- 
cardiogram following cardiac infarction and divided the curves into two 
main groups: type Ti and type Tg. A definite sequence of changes in 
the R-T segment and T-waves occurs. The initial change is an elevation 
of the R-T segment from the isoelectric level followed later by an in- 
version of the T-waves in Lead I or III, but never in both, and a lesser 
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(We of invemon hi Lead II. Curves taken a few weeks after *6 “ute 
injury usually eonform to one of tlie two main types, as evidmeed by the 
T-we inversions. Thus, inversion of the T-waves in Leads I and II 
oeeurs in type Ti, indicating an occlusion of the left 
and conversely inversion of the T-waves m Leads 11 and III “ foun 
where the thrombosis involves the right coronaiy artery. The i-wayes 
can subsequently return to a complete normal. Often an inverted 
T-wave in Lead III may be the only residual evidence of a previous in- 
farction This, plus the deep Q-waves in Leads II and III, is present 
in the case reported. Barnes and Whitten® in a study of the correlation 
of the electrocardiographic changes, the artery occluded and the re- 
sultant area of infarction, confirmed the above findings. Wilson and 
his co-workers® recently reported a study of the electrocardiograms in 
56 cases of coronary thrombosis on 17 of which a postmortem examina- 
tion of the heart was made. Their findings were in complete agreement 
with those of Barnes and Whitten. In the autopsied cases, curves show- 
ing inversion of the T-ivaves in Leads II and III. were always associated 
with infarction of the area usually supplied by the right coronary artery. 

Crawford and his eoworkers^® recently substantiated the findings of 
Barnes and Whitten by cauterizing definite areas of the heart muscle in 
cats. They produced typical type Ti and T3 changes in the electro- 
cardiogram. 

According to these criteria, the ease reported here would fall into type 
Ts, indicating an occlusion of the right coronary artery with resultant 
myocardial infarction. Although the E-T segment was elevated above 
the isoelectric level in Lead I in the beginning, the T-waves in Lead I 
never became inverted. The deep cove-plane inversion of T3 at the 
onset, gradually becoming less inverted, and the subsequent development 
of inverted T-waves in Lead II (Pigs. 6 and 7) place these curves in 
type Tg. 

Transient heart-block in coronary artery occlusion is probably due to 
a disturbance of the circulation to the auriculoventricular node. The 
A-V node receives its blood supply from the right coronary artery in 
92 per cent of the eases and from the left coronary artery in 8 per cent 
of the eases, depending upon which vessel crosses the “crux” of the heart 
posteriorly. Thus it would seem that heart-block should be more com- 
mon when the occlusion occurs in the right coronary artery. This 
premise is borne out in the following analysis of cases of heart-block 

As early as 1913, Oppeiilieimer and Williams" described a ease of 
prolonged mcomplete heai-t-bloek without a lesion of the bundfe of His 

etp^r;S“ -'^-oronary arS; 

as the descending and circunillex brauehes TthtrittiX 
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Histological study revealed sclerosis and marked stenosis of the artei’v 
to the A-V node. Serial sections of the bundle of His did not disclose any 
lesion to explain the block. They stated in conclusion that “complete 
heart-block without anatomic lesions in the A-Y .system may possibly 
be of neurogenic or of circulatory origin, or it may be ascribed to chemical 
agents, to asphyxia, or to some hindrance to the passage of impulses 
from the terminal arborizations of the conduction .system to the ven- 
tricular mu-sculature. Later in di.scu.ssing a paper by Kugel, Oppen- 
heimer stated that since the original ob.servation, he had had several 
instances in which it seemed probable that the heart-block was due to 
circulatory disturbance. 

Parkinson and Bedford' ob-served one case of transient heart-block in 
their series of cases. The electi-ocardiog)-ams of this case conformed to 
the typical tyi)e T;t. 

Hansen’- reported a ease of complete A-Y dissociation occurring on 
the fifth day during an acute attack of coronary artery occlusion with 
death a few days later. The electrocardiograms were of type T 3 with a 
deep Q;j. Postmortem examination was not obtained. 

Sanders’"' observed a fatal case of coronary artery thrombosis with 
complete heart-block and a relative ventricular tachycardia. The auricu- 
lar rate was 120 and the ventricular rate 70 per minute. Electrocardio- 
grams were of the type T 3 . On po.stmortem examination, a thrombus was 
found obstructing the right coronary artery with an infarction involv- 
ing the greater i)ortlon of the outer wall of the right ventricle extending 
to the apex and to the anterior and posterior portions of the inter- 
ventricular septum. 

Dr. j\I. A. Rothschild'’ has kindly furnished me with a remarkable 
case from his private practice. This was a man of fifty-three years who 
had a severe attack of jn'ccordial pain and dysjmea while riding horse- 
back. Clinically he had suffered an attack of acute coronary artery 
thrombosis. The electrocardiogram showed a complete A-Y dissociation 
with inversion of the T-waves in Leads II and III, typical type T3. 
The heart-block soon disappeared and the electroeardiogTam subse- 
quently became entirely noimial. Four years later he develoi^ed a second 
attack of coronary artery thrombosis without heart -block and died. The 
electrocardiogram at this time was of the type T]. This ease is very 
important since it furnishes an interesting experiment in the same 
individual. The clinical and electrocardiographic evidence during the 
first attack would indicate that at this time he had a thrombosis of the 
right coronary with heart-block, while his fatal attack was electrocardio- 
graphically a left coronary occlusion without heart-block. 

Prothingham" observed transient complete heart-block in a ease of 
typical coronary closure with complete recovei’y. In his case also, the 
P-R interval was prolonged when normal sinus rhjdhm first appeared. 
The electrocardiograms conformed to type T3. 
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SalleV' oteci-ved a ease of coronary cioauro with vontrioular lach.v- 

carclia 'at the onset rvhich could not be “'’“'f 
jection of atropine uncovered a eoinpklc lic,ul-bl v. 

o-vams were of the type T;{. 

“ Bell and Pardee- reported a case of coronary thrombos s ' 
nlete heart-blocU and recovery. The hearl-bloek lasted eighl days dm- 
- . .1 numerous Stohos-A‘\ clams sei>mies. 

•.-la 


mg Avliich period there were 

electrocardiograms showed classical early and late cdiani 

■ Leads JT and III, typical type 1;. 


The 

ges with the de- 


velopment of inverted T-waves in ucuu^ , - .. 

They believed that the sudden A-V dissociation with an eventual return 
to normal rhythm was due to an edema of the tissues which was later 

absorbed. i , i i 

Schwartz' ‘ observed four patients in whom complete heart-block' clc- 

veloped during an acute coronary artery closure. I wo ol the patients 
died and two recovered. Stolces-Adams seizures occurred in two of the 
cases, one of which proved fatal. Auricular librillation appeared in one 
instance be.fore normal sinus rhythm was c.stablished. The electrocardio- 
grams in all four cases revealed typical type T;! changes. 

Boas'® observed a woman of fifty-nine years who developed complete 
heart-block about five hours after the onset ol' an acute coronary artery 
thrombosis. The patient died in less than twenty-four hours. No 
autopsy was obtained, '(’he electrocardiogram showed complete A-V dis- 
sociation with inversion of the 'I'-waves in Ijcads JT and III, tyjiical 
t.ype Ta. 

Complete heart-block has been de.scribed in sixteen cases of acute 
coronary artery thrombosis ('I'able 1). Kleetrocardiographic tracings 
were obtained in fourteen of the cases, thirteen of which conformed to 
tj^pe 'fs indicating occlusion of the right coronary artery and the re- 
maining case conformed to type T, indicating occlusion of the left 
coronary artery, as was found at anlop.sy. Confirmation by autojisy was 
made in thiee cases; in two a thrombus was found occluding the right 
coronaiy artery and in one the left. The elect rocardiogi'aphic changes 
as to type and the anatomical findings were in complete agi'eement in 
the autopsied cases. 

■ The high frequency of heart-block in thrombosis of the right coronarv 
artery focuses our attention to the course of this vessel and its branches 
especially the branch supplying the A-Y node. The A-V node is sup- 
plied by an artery known as the ramus septi fibrosi. which arises from the 
ngit coronary artery in 92 per cent of human hearts, and from the 

luppYtolS A V •’ "tT “"*• W«ocl 

^ Tr ^ important anastomoses occur in this 
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left coronary artery and is constant in occurrence and site. It was found 
in all of the fifty normal hearts which Kugel. studied. Like the main 
coronary arteries and their branches, it is subject to variations which 
fall into three groups. 

1; It forms a simple direct anastomosis between the left circumflex 
coronary artery or its branches and the posterior portion of the right cir- 
cumflex coronary artery or its branches in the region of the A-V node. 
This is the most common variation, occurring in 33 of the 50 hearts 
examined. In this common arrangement it anastomoses freely with the 
main artery supplying the A-V node. 


Table I 

Electrocakdiogeaphic Evidence and Autopsy Findings in Cases or 
Coronary Occlusion With Heart-Block 



AUTHOR OF CASE 

type ELECTROCARDI- 
OGRAPHIC CHANGES 

AUTOPSY FINDINGS 

1. 

Ban 

Ta 

Not done 

2. 

Parkinson & Bedford 

Ts 

Not done 

3. 

Hansen 

T. 

Not done 

4. 

Eothschild 

Ta 

Not done 

5. 

Prothingham 

Ts 

Not done 

6. 

Salley 

T, 

Not done 

7. 

Schwartz 

Ta 

Not done 

8. 

Schwartz 

T. 

Not done 

9. 

Schwartz 

Ts 

Not done 

10. 

Schwartz 

% 

Not done 

11. 

Bell & Pardee 

Ts 

Not done 

12. 

Boas 

T* 

Not done 

13. 

Sanders 

Ta 

1 

Occlusion of right coronary 
artery 

14. 

Levine 

T, 

Occlusion ant. desc. branch 
left cor. art. 

15, 

Oppenheimer & Williams 

Not done 

Occlusion of right coronary 
artery 

16. 

Levine 

Not done 

Not done 


Type Ta is associated witli inversion of the T-waves in Leads II and III, indicating 
right coronary artery occlusion. . 

Type Ti is associated with inversion of the T-waves in Leads I and II, indicating 
left coronary artery occlusion. 

2. It forms a simple anastomosis between the left circumflex coronary 
artery or its branches and the anterior portion of the right coronary 
artery or its branches. 

3. In the greater part of its course, the vessel is represented by diffuse 
anastomoses between branches from the anterior portions of the left 
and right coronary arteries and the posterior portion of the left circum- 
flex eoronaiy artery. 

This arterj>- thus serves as a wide anastomotic channel between the 
right and left coronary arteries in the region of the A-V node. In sev- 
eral of the hearts which were the seat of arterioselerotie coronary artery 
disease, this vessel was of unusuall 3 ’' large caliber. 
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We can Iherctore aasnmc that Y'hove the 
forms a rich, collateral blood supply to the region ol the AA node as 
GroTp 1 heart-block either is not, likely to occur or may be very Ha - 
sient, when the right coronary artery is occluded proximal to t le )i.n 

To":.:';! It„at0fa, h.o„<, to the A-V hocje is ..ot 

very rich as in the third group variation, licart-block is probablj more 
liable to occur. In this case, occlusion of the right coronary artei 3, 

proximal to the ramus septi fibrosi, ivould temporarily cut otl the mam 
blood supply to the node and cause, sudicient. ischemia to prevent .soine 
or all of the stimuli from the auricles from passing through the A-V 
node and into the bundle of His. Partial or complete A-V dissociation 
vdth a supraventricular type of ventricular complex would then result. 
The impulses producing the idioventricular rliylhm arise either in the 
lowermost portion of the node or in the npjier jiart of the main stem of 
the bundle of His. This is illnstratod by tlie fact Hint in all of tlie 
electrocardiographic tracings ohlainod in the rcjiorted cases of heart- 
block in coronary artery Ihromhosis, the ventricular complexes arc al- 
ways of the .supraventricular type. If the patient .survives the initial 
shock and goes on to recovery, the collateral blood supply to the A-V 
node, mainly through the anastomotic artery of Ivugel probably comes 
into play and gradually supi)lics snfheicnt blood to the region of the 
A-V node so that it again assumes its normal ])hysiological Ihmction. 

GeraudeP* has furnislied anatomical evidence in support of the above 
explanation. He demonstrated that .stenosis and ])artial occlusion of 
the arteiy supplj-ing the A-V node probably cxidnincd the occurrence 
of partial and complete heart-block in cases where a lesion of the bundle 
of His or its branches could not ho found. By means of .serial .sections, 
he carefully examined the cutii-c conduction .system and the circulation 
to the A-V node in three cases of partial and comj)lctc A-V di.ssociation. 
The A-V node, bundle of His, and its branches were entirely free from 
any demonstrable lesion or injury in all three instances. However, a 
study of the artery supplying Hie A-V node revealed singular tiudings. 
In one case the nodal vessel arose from the left, coronary artery and urns 
almost completely obstructed by a zone of proliferative endarteritis In 
the remaining two cases the artery to the A-V node arose from the ri-hl 
coronary, and ni both instances the vessel sliowcd marked narrowing 
with almost complete obliteration just above its point, of oimin. It 
may e significant that in all three ca.scs the stenosiug lesion ""in the 
mdal artery was found just at or proximal to its point of origin from 
the mam coronary artery. In the first case the left coroinn ar m v 
TifAri 1 • ^ end supplied the aid cry to tlie AV 
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Jelliek, Cooper, and Ophuls,-^ in 1906, described a case of Stokes- 
Adams syndrome occurring fourteen daj's before death in an individual 
suffering from acute epididjmiitis and septicemia. “Postmortem exami- 
nation of the heart demonstrated anemic necrosis of the muscular septum 
in the region of the bundle of His consequent on a recent thrombosis of 
its nutrient arteries.” 

Neuhof-* described a case of complete heart-block and auricular fibril- 
lation in a Avoman of eight,r-three years avIio died in heart failure. At 
autopsy the coronary artery Avas found thickened and sclerosed although 
slightly patulous (he does not state AAdiieh coronary) and the artery 
suppljdng the A-V node Avas completely calcified. 

Carter and McEachern-’’ reported a case of recurrent complete heart- 
block in an indiAudual Avith general and coronary arteriosclerosis. They 
too regarded the sudden and frequent shifting from normal sinus 
rhjdhm to complete heart-block as being dependent upon vascular 
sclerosis Avith a deficient blood supply to the A-V node. 

Levine's ease (Case 14, Table I) Avas the only instance in AAfiiich the 
left coronary artex-y alone aa^es inAmh^ed, or rather AA^iere the right 
coronaiy aidery Avas not at all iiiA’-oh’^ed, and probably falls into the 8 
per cent group in AA'hieh the arteiy to the A-V node arises from the left 
coronary arteiy after crossing the “crux” of the lieart. 

CLINICAL SIGNIFICANCE 

The clinical differentiation betAveen right and left coronary arteiy 
occlusion has engaged the attention of many clinicians. The Avork of 
numerous investigators,’’ .shoAVS that infarction of that portion of 
the niyocai’dium usually supplied by the I’ight coronaiy artery is asso- 
ciated AA’ith iiiA’ei’sion of the T-AvaA'^es in Leads II and III, AA'hereas in- 
farction of the myocardium supplied by the left coronary artery is asso- 
ciated Avith iuA’ei'sion of the T-u^ai’es in Leads I and II. The appear- 
ance of complete heart-block dui-ing an attack of acute coronaiy artery 
thrombosis points to iiiAmlA’ement of the right coronary artery in about 
93 per cent of the cases. If in addition to this Ave liaA’C other clinical 
signs such as rapid enlargement of the lAer, as emphasized by Libraan, 
the clinical diagnosis of right coronary artery occlusion can be made 
AA’ith greater certainty. 

.SUM AI ARY AND CONCLUSIONS 

A ease of transient complete heart-block occurring during an attack 
of acute coronary artery thrombosis is described in detail. Changes in 
the A’entricular portion of serial electrocardiograms confoi’m to type T.-), 
indicating myocardial damage as the result of occlusion of the right 
coronary artery. 

The transient nature of A-V dissociation during an attack of coronary 
artery thrombosis has been explained on the basis of the peculiar anat- 
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„.„v of 11,0 blood ™p„iy 10 11,0 A-v i-o,-,„„„o„t 

out, any deniouslrable losions of tlio node or main st om ma> . i 

%he oUsL-vatious on llio case prostudod and a roviovr of 
reported in the literature iudieate tlnd in patients xvdl. eoronary 
occlusion and complete heart-block, the rifrbt eoronary artery .s invohed 
in approximatelv hS per cent of the cases and the lelt in i per cent he 
presence of complete A -A* dissociation is therefore believed to be a 
valuable diagnostic criterion in the clinical differentiation between right 
and left coronary artery thrombosis. 

T am Rroatly hidolitod to Dr. Marcus A. Ifolliscliild, Dr. Sidm-y D. J^clovartz, and 
Dr. 35rii.st P. Doas for furnisliing me with clinical data and electrocardiograms of 
cases wldcli tliey observed but bave not jmblisbcd. 
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the effect of tonsihlectoot on the 

AND COURSE OP ACUTE POUl ARTHRITIS t 


An Analysis of 651 Consecutito Case Histories 

Mixmi-I- M,D., AKD W11.UAM H. Rodey. M.D. 

Boston, j\Iass. 

AND 

Harry Heimann, jM.D. 

Brookla'n, N. Y. 


T he problem of focal infection and its relation to tlic etiology of 
rlieiunatic diseases and tlieir recurrence has been much studied and 
discussed in recent years. Recent work upon the bacteriological and im- 
munological aspects of rheumatic diseases has empliasi/.ed the importance 
of this concept, and most writers have stressed the role of the tonsils as 
an important focus. The oh.icct of this paper is to consider the picsent 
day beliefs concei'ning this possible source of systemic infection. 

Tonsillitis, acute or chronic, is a medical disease and as such is usually 
entirely under the direction of the, general practitioner. Even in the 
eventuality of tonsillectomy the patient is urged or dissuaded according 
to the beliefs or doubts of his medical adviser. 

The virulence of a given attack of tonsillitis is difficult to estimate. A 
seemingly mild tonsillitis may have dire effects upon other structures, 
while a much more violent local reaction may pass, leaving little but. 
Aveakness and prostration, and he folloAvcd by apiiarcntly complete recov- 
ery. The physician has little difficulty in recognizing an attack of acute 
tonsillitis. The diagnosis of the chronic form may be more difficult. 
Slight degrees of sore throat may make but little impression on the pa- 
tient’s mind, and he may fail to mention them in giving his medical his- 
tory, or they may not have recurred for so many years that they are en- 
tirely forgotten. In attempting to explain undefined ill licalth, tlie pliy- 
sieian should take into consideration a liistory of previous sore throats, for 
the tonsils once infected, even though quiescent for years, liave proved in 
numerous eases still to harbor infection. 

It has been shown^ that the tonsils may be enucleated with safety dur- 
ing the acute stage of I'heumatic fever. Tlie present study Avas made to 
determine, if possible, Avhether or not the enucleation of the tonsils at 
any time has any effect upon the recurrence of rheumatic fever. Since 
our mat erial is based entirely upon the examination of case histories, no 
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great emphasis can be laid upon the accuracy of details.- The results, 
however, have brought out interesting comparisons and observations. 

For the purposes of this studj' consecutive cases were taken from the 
four medical services of the Boston City Hospital during a five-year pe- 
riod between January 1, 1924, and December 31, 1928. Such a period 
was chosen to avoid, if possible, annual fluctuations in the occiuTence of 
rheumatic diseases and in the type of manifestations. In order to limit 
the size of the study and to secure an easily segregated and clean-cut 
group of cases, only those admitted for acute migratory polyarthritis 
were selected. Any who were suspected of having specific etiology or who 
later developed permanent changes in the joints were excluded. Of a total 
of 654 eases thus obtained, 114 had been operated upon for tonsillectomy 
prior to admission. Our attention was directed chiefly to tonsillectomy 
and its results, since the medical treatment was essentially the same in 
all. The latter consisted primarily of large doses of salicylates or their 
substitutes when the former were not well tolerated. In addition to de- 
tei’mining the efficacy of tonsillectomy in the various aspects of the 
disease, other interesting observations were thought worthy of recording 
as they have brought out points not commonly appreciated. 


ANArA'.SIS OP CASE HISTORIES 

Age and Sex Disinbution . — The distribution of the cases according to 
decades and between the sexes is shown in Table I, and the percentage in- 


Table I 

Age and Sex Incidence 


AGE (teaks) I 

MALES 

FEMALES 

MALES AND 

FEMALES 

PERCENTAGE OF 

TOTAL 

1 

12-19 j 

1 

90 

65 

155 

23.7 

20-29 

97 

90 

187 

28.6 

30-39 

87 

54 

141 

21.5 

40-49 

61 

43 

104 

15.9 

50 and over 

44 

23 

67 

10.2 


379 

275 

654 

100. 


eidence of cases in the A^arious decades, when allowance is made for the 
fact that no patients are admitted to the regulai' medical ivards before 
the age of tAvelve years, shows a progressive decline with increasing age. 
There is also a predominance of males, approximately in the proportion 
of three to two. The predominance of males may be in part accounted 
for by the character of the hospital poimlation. This, however, Avas not 
analyzed in detail. It is interesting to obseiwe the large number of per- 
sons in the older age groups, a fact not commonly appreciated. The 
fig-ures in some of the later tables are also arranged according to decades 







nxr.ANI) CT AT.: TOXSIMAXTOMY IS ACT^TK fChYAKTl IKITIS 343 

in oi-clor to einphiisizo tlic siiuiijirilY of tlio various details ot llu* disease 

in tlie later ns well as in tlie earlier deeades. ^ 

htenJemr. of Rccurmi<rs.—hi tlie -roup of 0o4 eases st lulled. ..•>.) 
were admitted for an initial atlaelc. and the reinainin- 31!) eases, or 4.) 
per cent, were admitted for T-eeurrenees. 'I’lie pereentaiu' oi eases in 
eaeh a-e -roup with previous attaeks of jmlyarthritis is strikinirly uni- 
form (Table IT). 

Taui.i; II 

FitKQeKN-ev or I’lir.viofs Attacks or Act ri; J’or.VAinm.’iris 


— 

CASKS IN' 

CASKS WITH X’llKVl- j 

rxatcKS'TAGK e 

AGE G)!01T 

AGK xaioei- 

ors m.vAnTina-ris | 

(amri- 

12-19 

1.55 

i 

72 1 

40.5 

20-29 

187 

,89 i 

• 47.0 

30-39 

141 

0.5 j 

40.1 

40-49 

104 

50 ■ 

48.1 

50 and over 

G7 

43 ; 

<14.2 

AH age.s 

05 4 

319 

; 48.S 

1 


Jht'urrcncrf! in h'/lotion io Piurioii.s Tonsillcrhiniir.s -. — In Table ill are 
shown the luimhers and ])ereenta-cs of patients in eaeh of the various 
decades who were admitted for initial or snhseqnent attaeks of aeu(<‘ 
migratory polyarthritis, and who had been previously subjected to tonsil- 
lectomy. It is seen that 42, or (>.4 per cent, of the jiatients who were ad- 
mitted tor an initial attack had alri'ady had their tonsils removed. 
Seventy-two eases, or 11 per cent, wore admitted for siibsequent attaeks 
<ittei tonsillectomy, -ivin- a total of 114 easi's or 17.4 per cent of a total 
oi 6.54ca.ses admitted for acute ])olyarthritis subse(|uent to tonsillectomy, 
fn other words, of the 335 patients admitted for an initial attack 42. or 
13 per cent, had ])reviously had tonsillectomy, whereas 72. or 23 per cent. 


Taiii.k hi 

PKF.QUr.SCY or IhsTOKV OF inrcuKKC.ST Atfacks of POMAUTmans ,N CVSFS 
J lO.MOl .SI.Y .SuiurCTKI) TO TONSll.l.F.CTU.M V 


AOE 

GUOUF 

(VEAH.S) 


12-19 

20-29 

30-39 

40-49 

50 and over 
All ages 


CASKS 
IS' AUK 
OKOUX’ 


1.55 

187 

14] 

104 

G7 

G.54 


58 

34 

IS 

4 

0 

114 


CAsK.s WITH i'i:i;vior.s ton'.sii.i.f.ctomy 


TOTAL 

CASKS 


I’XatCKNT- 
Aox: or Aca: 

OltOUI’ 


37.4 
1S.2 
12.7 

.3.8 

0 

17.4 


AD.MnTKI) 
roit I.VITIAI. 
ArrAciv 


i’Ei!(T;N"r- 
agk or A(a; 
c.nom* 


12 

5 

0 

0 


42 


IG.l 

0.4 

3.5 

0 

0 

0.4 


AXXMirrr.i) 
ro): laan’i!- 
liK.vci; 


rx-.KCI-.N'T- 
Aca; OF A(a: 
<a!oue 


.33 

».> 

13 

4 

0 


21.3 

ll.S 

9.2 

.3.8 

0 

11.0 
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of the 139 patients admitted fox* I’ecuiTences previously had had tonsil- 
lectomy. Thus twice the percentage of cases previously subjected to 
operation were admitted for a reeui’rence as were admitted for an initial 
attack. The proportion is quite similar in each of the age groups. 

Frequency of Sore Throat in Relation to Tonsillectomy. — In this cate- 
goiy ai’e included all eases who had had soi’e throats, diagnosed “septic 
thi’oat,” “acute tonsillitis,” “acute pharyngitis” or similar diagnoses, 
in which the throat symptoms began either with the onset of the joint 
symptoms or preceding them by a period not exceeding fourteen days. 
There were in all 281 cases, or 43 per cent, haxdng soi’e throats with or 
before the attack. Of the 114 cases who had previously had a tonsil- 
lectomy 50, or 44 per cent, began with sore throats, whereas 231, or 43 
per cent, of the 540 cases not prexhously subjected to the operation had 
had an antecedent sore throat. It would appear that the attack of acute 
polyarthi'itis was just as frequently preceded by throat symptoms in the 
group subjected to tonsillectomy sometime previous to admission as 
in those who had never been opei-ated upon. In this same connection, it 
is interesting to note that 50, or 44 per cent, of the 114 cases who had 
had their tonsils removed before entry, were found to have tonsillar tis- 
sue on simple inspection of the throat during the admission physical 
examination. 

Frequency of Rheumatic Heart Disease. — The frequency with which 
a diagnosis of rheumatic heart disease was made or suspected at the time 
of entry in the present group of eases is shown in Table IV. It is seen 
that 67, or 59 per cent, of the 114 cases previously operated upon had, 
or were suspected of having, heart involvement at the time of entry. 
Among the cases who had no previous operation, 202, or 37 per cent, had, 
or were suspected of having, rheumatic heart disease on admission to the 
hospital. This makes a total of 269, or 41 per cent, of all of the cases 
with heart lesions diagnosed or suspected at entry. Among these cases 

Table IV 


Peequency With Which the Diagnosis of “Rheumatic Heart Disease” Was 
Made or Suspected at the Time op Admission 



cases without previ- 
ous TONSILLECTOMY 

CASES WITH PREVIOUS 
TONSILLECTOMY 


ALL CASES 

AGE 

CASES 

R. H.D. 

R. H. D. 

CASES 

R.H.D. 

R. H.D. 

CASES 

R. H. D. DI- 
AGNOSED 

PERCENT- 

(tears) 

IN AGE 

DIAG- 

SUS- 

IN AGE 

DIAG- 

SUS- 

IN AGE 


AGE OP 

GROUP 

NOSED 

PECTED 

GROUP 

NOSED 

PECTED 

GROUP 

PECTED 

AGE GROUP 

12-19 

97 

28 

26 

58 

25 

11 

155 

90 

58.1 


153 

32 

25 

34 

15 

7 

187 

79 

42.2 


123 

15 

16 

18 

4 

4 

141 

39 

27.7 


100 

21 

10 

4 

1 

0 

104 

32 

30.8 

50 and over 

67 

15 

14 

0 

0 

0 

67 

29 

43.3 

All ages 

540 

111 

91 

114 

45 

22 

654 

269 

41.1 
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heart lesions were therefore about one and one-half times as f^QUcnt in 
those whose tonsils had been removed as they were in those not subjected 

^°When^ analyzed according to whether tlic patients were admitted for 
the first or for a subsequent attack, it was seen that 92, or ^9 per cent, of 
the 319 cases admitted for the first attack had had, or were suspecljid ot 
having, heart involvement at the time of entry, as compared to lio, or 
53 per cent, of the 335 patients admitted for a recurrent attack who were 
similarly affected. In other words, rheumatic heart disease was about 
twice as frequent in the group of cases admitted for recurrent attacks 
as among those admitted for an initial attack. Considering both of these 
findings it may be said that previous tonsillcetomy had no striking effect 
in reducing the incidence of cardiac lesions at the time of admission to 
the hospital in this series of eases. 


EFFECT OF TONSII^LECTOMY ON THE ATTACK 

For the purpose of comparing the cases which had never been sub- 
jected to tonsillectomy with those admitted subsequent to the operation 
and also with those subjected to tonsillectomy during their stay in the 
hospital, it was necessary to choose certain criteria which were both 
simple and easy to determine from the case records, Tlirec such facts 
were selected : 

1. The duration of joint .symptoms. 

2. The duration of fever, 

3. The duration of ho-spitalization. 


Fever was considered present when tlic temperature rose to or above 
99.4° F. In order to ascertain whether or not the cases were comparable 
at the time of admission to the hospital, the only criterion that could 
be used was the first, namely, the duration of joint sjuiiptoms at the time 
of admission, this being the most reliable sjunptom obtainable from the 


patient. 

Duration of Joint Symptoms at Entry . — In Table Y is shown the dura- 
tion at the time of entry of the joint symptoms in the cases studied. 
These were subdivided into groups according to the duration of symp- 
toms and the patients divided further into those previously operated 
upon, those operated upon in the hospital, and those having no opera- 
tion The percentage incidence in each of the latter groups is indicated 
in the table and is shown graphically in Fig. 1. From this illustration it 
may be seen that the groups were quite comparable with regard to the 
duration of joint symptoms at the time of entry, the curves for each of 
these gi'oups running closely together and crossing frequently. 

Total Duration of Joint Sympioms.~The eases were analyzed in a 
similar manner with regard to the total duration of symptoms' from tho 
.me of onset to the time when tho joint symptoms wei”S lotoTond 
the results are shown in Table VI and ropresLod gtChiSy in K,” 
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Table V 


Dukation or Joint Svaiptoiis at Entry" 


DURATION 

AT ENTRY 

(days) 

OPERATION BEFORE 
ADJIISSION 

OPERATION DURING 
HOSPITALIZATION 

NO OPERATION 

NUMBER 

OF CASES 

PERCENTAGE 

DISTRIBUTION 

NUJIBER 

OF CASES 

PERCENT.A.GE 

DISTRIBUTION 

NUMBER 

OP CASES 

PERCENTAGE 

DISTRIBUTION 

0-7 

51 

44.7 

52 

34.2 

151 

38.4 

8-15 

20 

17.5 

30 

19.7 

94 

23.9 

16-31 

27 

23.8 

42 

27.6 

99 

25.2 

32-63 

10 

8.8 

20 

13.2 

40 

10.2 

64+ 

6 

5.3 

8 

5.3 

9 

2.3 

All cases 

114 

100.0 

152 

100.0 

393 

100.0 


♦Including- cases reoperated during lios|)italization. 

Cases where data were not given are excluded in tliis and tlie following tables. 



DURATION OF JOINT 5TMPT0M5 AT ENTRT (DAT5) 


Fig. 1. — In this and the following illustrations : 


. . Cases with tonsillectomy before admission. 

Q. ----- -o Cases having tonsillectomy in hospital. 

X X Cases without tonsillectomy. 


From, a study of the latter figure, it appears that the cases previously 
subjected to tonsillectomy, as indicated by the solid line connecting the 
dots, and the cases having no operation, as represented by the dotted line 
connecting the crosses, were quite comparable with respect to the total 
duration of the joint symptoms, inasmuch as these curves are not widely 
divergent and cross early and again later. On the other hand, the cases 
that were operated upon in the hospital, indicated by the interrupted line 
connecting the circles, have a lower incidence among the groups having a 
short duration and a slightly higher incidence among those having a 
longer duration of joint sj^mptoms. This does not appear very strikingly 
but is definitely suggestive. It is, however, quite eomiirehensible if we 
consider that a number of patients who were operated upon during a pe- 
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TAnDE VI 

Total Duration op Joint Synptoais 


DURATION 

(VAYS) 

OPERATION BEFORE 
ADMISSION 

OPERATION DURING 
HOSPITALIZATION 

NO OPERATION 

NUMBER PERCENTaVGE 
OP CASES DISTRIBUTION 

NUMBER PERCENTAGE 
OP CASES DISTRIBUTION 

NUAIBER PERCENTAGE 
OP CASES DISTRIBUTION 

15 or less 
16-30 

31-60 

61-90 

91 or more 

33 29.2 

29 25.7 

33 29.2 

8 7.1 

10 8.9 

113 100.0 

20 17.0 

45 29.4 

52 .34.0 

19 12.4 

11 7.2 

1 95 25.3 

122 32.5 

122 32.5 

25 G.7 

11 2.9 

153 100,0 

375 100.0 



symptoms o£ 

and the results talnilatod iu o mo - above 09.4® p 

symptoms were studied. Tiie remtlts' 0,""”! •>»'« 
sented graphically iu K„ 3 m ' ' »> Table VII ' 

same form and run vei; dose t!! thr,'"-® «*'’>■<= a.'o of the 

duration of fever in the hospitirthml ’ ‘*>"1 'vith re-speet to the 

those patients having had no tonsille t 'lifencc between 

opM-ation before entry, and tlmse operS ,um"”’ ™’' i“*ad to tliis 

Du,a ,ou of !iospimzaiion-A^„ “'a ''ospilal. 
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Table VII 

Duration of Fever in the Hospital 


DURATION 

(days) 

operation before 

ADMISSION 

OPERATION DURING 

HOSPITALIZATION 

NO OPERATION 

NUMBER 

OF CASES 

PERCENTAGE 

DISTRIBUTION 

NUMBER 

OP CASES 

PERCENTAGE 

DISTRIBUTION 

NUMBER 

OF CASES 

PERCENTAGE 

DISTRIBUTION 

0-7 

80 

70.1 

107 

68.1 

289 

72.8 

8-15 

15 

13.2 

30 

19.1 

54 

13.6 

16-30 

13 

11.4 

14 

8.9 

40 

10.1 

31 + 

6 

5.3 

6 

3.8 

14 

3.5 


114 

100.0 

157 

1 

100.0 

397 

100.0 



DURATION OF FEVER IN HOSPITAL (DAYS) 
Pis. 3. 


leetomj^ at all having the smallest percentage of cases in the shorter pe- 
riods, and the greater percentage of cases in the longer periods. The cases 
subjected to tonsillectomy during the stay in the hospital have the-lowest 
percentage in the shorter periods of hospitalization and the highest in 
the longer periods. The patients subjected to tonsillectomj^ before entry 
to the hospital, occupy an intermediate position. In other Avords, the 
patients who had no tonsillectomy at all had on the whole the shortest 
stay in the hospital, and those subject to tonsillectomy before entiy had a 
somcAvliat longer period but Avere not in the hospital as long as those 
patients aa^Iio Avere operated upon during their stay. The difference be- 
tAveen those operated on before entry and those not operated on at all is 
only slight, hut those operated on in the hospital show a fairlj’- Avide 
divergence. 
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FIN^IjAXP KT AIj. : 


TOKSILIjECTOAIY IN' ACUTE 


POEYAUTnUlTIS 


TAtU-E VTTt 


D UU ATIOif or JIOSri'J’AWZA'i’IOY 


avnATiON 

(DAVS) 

OPERATION HEKORE 
ADJtlSSION 

OPERATION mlRING 
nOSPITAWZATION 

NO OPERATION 

NUMBER PERCENTAGE 
OF CASES DISTRIBUTION 

NUMBER PEllCENTAGE 
or CASES DISTRIBUTION 

NUMBER PERCENTAGE 

I OF CASES DIBTUIUUTIQN 

lo or loss 
lG-30 

31-00 

61+ 


1 

1 10 12.1 

51 32.5 

67 42.7 

20 12.7 

1.10 .--.i.o 

124 31.1 

103 20.2 

31 7.S 

114 100,0 

157 100.0 

.367 1 00.0 



DURATION OF H05PITAU2AT)0N (DAYS) 
Fip. I. 


Evidence of Aclive Eheumofic Ifcarl Disease Darincf Ohservaiion. — Pa- 
tients were eonsiclerod to liave active vhouinalic heart cliscaso when one of 
the following' was present: changing endocardial murmurs, pericarditis, 
pancarditis, arrhythmias, disturbances of conduction, easily accelerated 
pulse rate, or decompensation. 

Among the 134 patients who had had a tonsillectomy before entry. 33, 
or 29 per cent, had aclive rheumatic lieart di.sease while under observa- 
tion, as compared to 104, or 19 per cent, of those jiatients who had had 
no tonsillectomy before entry. 'When the latter cases arc subdivided into 
those operated upon in the liospital and those having no operatioiT at all. 
we find that 21, or 15 per cent, of the 143 patients operated upon in the 
hospital who were not previously subjected to tonsillectomy, were ob- 
served to have active rheumatic cardiac lesions, whereas 83, or 21 per 
cent, of the 397 cases who were at no time subjected to tonsillectomy had 
similar lesions. It is only fair to assume that the lowest figure of 15 per 
cent among those patients operated upon in the hospital depends largely 
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upon the choice of cases for operation, inasmuch as most of the physicians 
in the hospital have advised against operating upon patients in whom 
active lesions were observed. HoAvever, the high incidence of active rheu- 
matic heart lesions in the group admitted to the hospital subsequent to 
tonsillectomy is striking. It must, of course, be considered that these 
eases may represent the poorer risks, inasmuch as patients having fre- 
quent attacks as shown above are moi-e subject to rheumatic heart disease, 
and they are the ones usually recommended by physicians for tonsil- 
lectomy. When analyzed on the basis of the diagnosis of rheumatic 


Table IX 

Postoperative Complications (Cases Operated on While Symptoms of the 
Acute Disease Were Still Present Are Excluded) 


MANIFESTATIONS 

NUMBER OP CASES 

Leucocytosis, with or without fever 

18 

Fever, leucocytosis and active cardiac lesion 

6 

Fever and arthritis 

21 

Arthritis or nodules or both 

4 

Severe sore throat ivith fever 

2 

Peritonsillar abscess 

1 

Postoperative hemoridiago 

3 


heart disease at entry, it was seen that 93, or 34 per cent, of 269 patients 
ha^'ing rheumatic heart disease at the time of entry showed active cardiac 
lesions during their stay, whereas 44, or 11 per cent, of those patients 
not diagnosed or suspected of haAdng rheumatic heart disease at entrj'' 
had active rheumatic cardiac lesions dui’ing their stay in the hospital. 
That is to say, according to the criterion mentioned, about one-third of 
the patients who were admitted Avith some rheumatic cardiac lesion AA^ere 
active during the attack for which they were admitted, whereas 11 per 
cent of those not suspected of liaAung anj’- cardiac lesion at the time of 
entry deA-eloped evidence of lesions. Minor differences were obserA^ed be- 
tween those patients operated on befoi’e entry and those not operated on. 

Tostoperaiwe Complications. — ^In Table IX are listed the number of 
cases in AAdiieh Amrious complications occurred among those operated upon 
in the hospital, excluding the patients whose operation Avas performed 
during the acute stage of the disease. Approximately one-half of the pa- 
tients who were operated upon Avhile apparently quiescent showed evi- 
dence of actiAuty following the operation, but in only six Avere there 
serious complications, as eAudeneed hj the presence of active heart lesions 
folloAAdng operation. 
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INCIDENCE OF INITIAL ATTACKS 


AND RECURKENCES IN RELATION TO 


TONSILLECTOMY 


Age at F 2 rst Attack . — In Table X the eases are grouped according to 
the decade at ■which the first allack occniTod. It is, ol course, scou that 
except for the earliest age grou]), the incidence of initial atlacks declines 
progressively with each decade. The 4,1 patients admitted lor a first at- 
tack subsequent to the removal of llieir tonsils are also grouped In- 
decades. The absence of patients beyond the age of forty years jiossibly 
depends upon the rarity with whieli older individuals are recommended 


X AIILE A. 


Age at Ti.ue or Fxk.st Attack or PoTA-AinaunTis* 



fev this operation rather than upon the frefinencv ivilh whinl, , 

a progi'essive decline in incidonco\ritl, ej . t , 

stm a^Iargc nn.her trhose fn-st 

o..fa;rr;:rf,io "" 

oecnr aecording to the aje at the onset o/Z’dir 
termme the number of attacks in each nf ti ^ and also to de- 
the eases not previously subiected to toimill data for 

I^gencral no marked diS'l 

winch attacks recur in the various n'o’ in the frequency with 

le eome tendency for attaefa to ho fSZr ’ ““'T’f ‘ 

<i«ade,andthentobomorcfrcm,e„^t , "trf tl>e fonrlh 

erage number of recurrences is oulv ' 3'ho av- 
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those cases admitted following tonsilleetomj" is about the same as those 
not previously operated upon. The attacks, however, are much closer 
together in the cases previously tonsilleetomized. The attacks occurred 
on an average at the rate of one recurrence every 3.2 years in this group 
as compared to one every 5.4 j’ears in those not previously operated upon. 
It is interesting to observe that in the i^atients previously' operated upon 
the average lapse from the time of tonsillectomy to the time of entry was 

Table XI 


Frequency of Attacks in Cases Not Previously Subjected to Tonsillectomy 


AGE AT INI- 

CASES ADJIITTED 

FREQUENCY OF 

AA’ERAGE NUMBER 

TIAL ATTACK j 

FOE RECURRENCE 

RECURRE.VCE* 

OF ATTACKS 

0-9 

23 

4.7 

4.0 

10-19 

90 

5.6 

3.1 

20-29 

58 

5.7 

2.8 

30-39 

41 

6.8 

2.5 

40-49 

18 

4.5 

2.9 

50 and OA'cr 

12 

3.1 

3.3 

All cases 

1 

242 

0.4 

1 

3.0 


‘Average lapse, in years, between attacks. 


Table XII 

Frequency of Attacks in Cases Previously Subjected to Tonsillectomy 


AGE AT 

INITIAL 

ATTACK 

CASES ADMITTED 
FOE RECURRENCE 

1 

FREQUENCY OF 
RECURRENCE 

AVERAGE 
NUMBER OF 

ATTACKS 

•• • ■ <P*» t 

FREQUENCY OF RE- 
CURRENCE AFTER 

TONSILLECTOMY 

AVERAGE NUJI- 
BER OF ATTACKS 
AFTER TONSIL- 
LECTOMY 

0-9 

16 

4.2 

3.4 

3.8 

2.1 

10-19 

37 

2.9 

3.1 

2.9 

2.1 

20-29 

11 

4.7 

2.5 

3.9 

1.8 

30-39 

5 

2.1 

2.4 

2.4 

1.2 

40-49 

1 

0.7 

4.0 

0.5 

4.0 

50 and over 

0 

0. 

0. 

0. 

0. 

All cases 

70 

3.2 

3.1 

3.2 

2.0 


6,5 years and during this period there occurred an average of 2.0 attacks 
per patient. The frequency of attacks following tonsillectomy is strik- 
ingly similar in these eases to the frequency of recurrences following the 
initial attack. Sixty-five of the patients who were subjected to tonsil- 
lectomy befoi'e admission to the hospital Avere this time admitted for the 
first attack after their operation. Forty of these patients had had no at- 
tacks previously and tAventy-five had attacks before their operation. The 
aA'erage lapse of time from the operation to the time of entiw in those Avho 
had never had preA'ious attacks AA'as 6.4 years, and in the tAA'enty-five 
patients noAv admitted for a recurrence — this being the first attack after 
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tie operation-tie lapse from tie time of tonsilleetomy averaged 6.0 
years. The figures are strikingly similar. 


cojr:\iENT 


The eases included in the analysis here presented were very carefully 
chosen in such a manner that no doubt can exist as to the type oi cases ac - 
mitted. No claim is made tliat all of these eases represent cases of rheu- 
matic fever, and no attempt is made into the controversy as to the dil- 
ferentiation of those cases of acute polyarthritis which may be included 
under the term rheumatic fever and tho.se which .should be designalec 
acute infectious arthritis. Whether or not these cases should be so dif- 
ferentiated is of no great significance from the point of view of the ma- 
terial at hand. In this present study, and from the material analyzed, 
such differentiation was well-nigh impossible. 

The operation of tonsillectomy has been recommended and is being 
recommended for patients with rheumatic diseases by a large ma.iority 
of physicians in face of a gi-eat amount of accumulated evidence tending 
to indicate that this operation has had very little or no demonslralile 
benefit upon the possibility of recurrences. Tlic present data only con- 
firm the previous work on tliis subject. It is further shown here that the 
individual attack is practically unaffected by the fact of previous re- 
moval of tonsils. The findings of more frequent attacks in patients pre- 
viously subjected to tonsillectomy may, of course, have its basis in the 
fact that patients are recommended for tonsilleclomy only when they are 
observed to have frequent attacks, and the longer duration of joint symp- 
toms, as well as the long duration of hospitalization, as has alread.y been 
inferred, is probably due to the number of patients having slight recur- 
rences following the operation who are kept in the hospital a somewhat 
longer period in order to be observed following their operation. 


On the basis of the frequent observation of sore throats preceding 
rheumatic manifestations, as intimated in the findings recorded, it would 
seem that removal of tonsils should eradicate an important focus of in- 
fection and thus decrease the possibilities of recun‘ence! 5 . In individual 


cases, apparently striking benefit is observed even when the tonsils arc 
enucleated during the disease, but obviously this is not always the case 
The explanation for the poor results following operation is not entirely 
clear. We have mentioned above that about one-half of the operated 
cases were recorded as having tonsillar tissue at the time of admission. It 
IS possible that incomplete removal of tonsils may be harmful, as the in- 
tated foras may become buried in scar tissue following tbe operation. 
Othei foci may be oveiiookcd or inaccessible. 

Finally, what deductions shall we make from this investigation? In a 
ai^e series of cases such as have been reported here and in other studies 
t mmt be remembered that a great number of operators oi v ry^.; do! 
,iees of experience is represented. It is a qnestion whether siml, 
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groups , of cases gathered in this manner from the records of a large 
municipal hospital give a true estimate of tonsillectomy as a preventive 
of rheumatic fever. In private practice where the cases can be studied 
with great care and an operator of experience in this particular operation 
can be selected, tlie results are often far more satisfactory. One of us 
(W. H. B.) after years of private practice, feels that when this has been 
done, the procedure has often been highly justifiable and has fuUy ac- 
complished its aim. 

SUMMARY 

The ease records of 654 consecutive jjatients admitted to the Boston 
City Hospital for acute migi’atoiy polj'-arthritis were studied for the pur- 
pose of determining whether or not tonsillectomy has altered the course 
of the attack or has affected the frequene 5 '' of recurrence. 

Patients admitted to the hospital for acute polj’-arthritis who had been 
operated upon sometime previously had on the whole a very similar 
course in the hospital, as judged bj’- the duration of joint S3'mptoms, the 
duration of fever, and the duration of hospitalization, as those operated 
upon after admission to the hospital. 

Patients subjected to tonsilleetomj'- during their stay in the hospital 
for acute migi'atoiy poljmrthritis had a slight^ longer period of joint 
sj^’miDtoms and of hospitalization than those not operated upon during 
their sta 3 ^ 

Tonsillectomy has had very little influence in these cases upon the fre- 
quenej^ of recurrent attacks. 
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arrhythmia op the heart associated with 

^R CHEYNE-STOKES BREATHING^^ 

Repoet op a Case Showing Adriculoventriculak Block 

J. Murray Steele, M.D., and Albert J. Anthony, M.D. 

Yoeic. N. Y. 


'X'HE number of reports that have been published of cases in nliieli 
1 fundamental disturbances of the rhythm of the heart were found as- 
sociated with Gheyne-Stolces respiration are few, although difference m 
cardiac rate between the apneie and respiratorj^ phases has been common 
loiowledge for many years. In the literature descriptions of only twelve 
cases of cardiac arrhythmia with extreme slowing of the rate during the 
respiratory phase other than simple changes of rate associated with the 
phases of Chejme-Stokes respiration have been found, four of ivhich have 
been studied by means of the electrocardiograph. The following ease 
may, therefore, be not ivithoiit interest. 

M. S,, Hospital No. 7507, a colored woman, fifty years of age, was admitted to 
hospital, September 24, 1930, complaining of shortness of breath and swelling of the 
legs. The past history was unimportant. No serious illnesses had been experienced 
before 1928, when slight rheumatic pains in both shoulders occurred, and the whole 
bodj’, including the face and tongue, are said to have become swollen. At this time 
her blood pressure was found to be 200 mm. Hg systolic and continued at this level 
until two weeks before admission. 

The onset of sudden attacks of intense dyspnea "like asthma" occm-ring almost 
every morning while walking to work culminated in a very severe attack with palpita- 
tion on duly 4, 1929, relieved only by a hypodermic injection of unknown content. 
She stopped work, remaining at home until the second week of September, 1929, when 
the attacks of dyspnea disappeared but palpitation continued to recur on exertion. 
Work was now resumed for nine montlis during which she remained fairly well until 
edema of the ankles first appeared in July, 1930. Two days later, after climbing five 
flights of stairs, a severe attack of dyspnea occurred, the first one since September, 
1929. Hrom this time until admission lier condition grew steadily worse; shortness of 
breath increased and edema extended from the legs to the thighs. By the end of 
August it involved the lower abdominal wall. Pain in the right upper quadrant of 
the abdomen appeared at this time and increased steadily in severity. 

On admission, the patient was seen to be a moderately well developed and well 
nourished colored woman suffering from severe orthopnea and periodic dyspnea of 
Cheyne-Stokes type. There was frequent dry cough. No unusual conditions except 
those pertaining to cardiovascular disease were found during examination. The bases 
of the lungs on both sides were at the level of the tenth spinous process. The descent 
of the left lung on inspiration was less than that of the right. There were no areas 
of dullness. Many rales were present in the lower portions of both lungs. 
^^^T^pieal impulse of the heart was diffuse, but forceful. No thrills or shocks 

‘From tI^e Hospital of the Rockefeller Institute for Medical Research. New York. 
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■were felt. Tlie maximal ■width of the area of relative cardiac dullness ■was in the 
fifth interspace, extending 14 cm. to the left of the midline, and 4.5 cm. to the right. 
A loud systolic murmur was present over the chest, front and back, louder on the left 
side. The second aortic sound ■was faint. An x-ray photograph taken on September 
25 showed -well marked enlargement of the heart to both the loft and right sides, 
and dilatation of the aortic arch. The lung fields ■were hazy and the shadows at the 
hila were consistent with chronic passive congestion. The heart exhibited sinus 
rhythm with slowing of the rate during dyspnea. The sj’stolic blood pressure meas- 
ured 160, the diastolic 95 mm. of mercurj’. TJie pulse was of variable volume, be- 
coming somewhat weaker and slower during the respiratory phases. The abdomen 
was protuberant and tympanitic. The liver was tender and extended 3 cm. below the 
costal margin. The spleen was not palpable. There was dullness in the lower part 
of the abdomen suggesting the presence of a small amount of fluid. Anasarca of the 
lower part of the back and of the legs was presojit. Pitting on pressure was easilj' 
demonstrated. 

The urine did not reduce Benedict’s solution. Albumin was present in large 
amounts. There were many hyalin and granular casts, red blood cells, white blood 
cells and epithelial cells. The standard urea clearance test was 37 per cent of normal 
(September 29). On September 25, the count of the red blood cells was 4,500,000. 
Estimation of hemoglobin (Sahli) -was 88 per cent. The total white blood cells 
numbered 13,000, of which pol 3 -morphonuclear leucoc.vtes were 77 per cent, Ij’mpho- 
cj’tes 18 per cent, and mononuclears 5 per cent. The Wassermann reaction of blood 
serum was negative (September 26). 

During the first fortj'-eight hours in hospital, edema increased and the Chejme- 
Stokes cycles became longer, so that digitalis (digitan, Merck) 1.0 gm. was given on 
September 26, without waiting for the usual period of observation to elapse. Only a 
slight increase in urinarj' output followed and gain in weight continued. The ad- 
ministration of theocalcin was also of no avail. On September 30, a change in 
cardiac mechanism was noted — the transition from a slow rate during the respiratory 
phase to a rapid one during the apneic, became abrupt; the rate during apnea 
reached 160 per minute. When, on October 9, extreme slowing appeared during 
dyspnea, there having been no sign of improvement, digitan, which had been ad- 
ministered at the I’ate of 0.1 gm. a daj’, was discontinued. 

The general condition of the patient then grew progressively worse; uncojiscious- 
ness supervened during apneic phases which had now increased to thirtj'-five seconds 
in length. In contrast to these unfavorable circumstances, the grave disturbances of 
cardiac rhj^thm which had been present were replaced bj’ the gradual moderate slow- 
ing such as had been observed during the respiratory phase on admission. Steady 
accumulation of edema was retarded for a brief period by the administration of 
salyrgan on October 24 and 26. Subsequent exhibition of 1.8 gm. of digitan between 
November 10 and 15 failed to be of any benefit. Use of the drug was stopped on 
the latter date because of the development of periods of coupled rhj-thm which bore 
little relation to the rhythm of the Chejme-Stokes ej'cles. Tlie inhalation of increased 
concentrations of oxygen failed to stop the periodicity of respiration, but increased 
concentrations of carbon dioxide always succeeded in doing so. Neither gas had any 
consistent effect upon the cardiac rhythm. On November 19 the patient became 
deeply comatose, the breathing continuously dj'spneic, and the rhythm of the heart 
regular, continuing so until death on November 20. 

On postmortem examination" the body was seen to be that of a well developed and 
well nourished adult negress. Soft edema of the feet, ankles and legs was present. 
The surfaces of the pleurae were smooth and glistening, except for occasional fine 
fibrous adhesions, especiall 3 ' at tlie apices. About 100 c.c. of thin, straw-colored fluid 

*We are indebted to Dr. C. P. Rhoads for the report of this examination. 
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presc. in .1,. left, nn.l «bo„. 200 c.c. in <U. rip.l.t 
of the lungs n-orc s.nootl, csoopl for n fon- udhos.ons nn.l 

nised .^l•eas 2 to 3 inin. in dinniGtcr, firm in consistcucj, 3c11o\ms1i r . J . , 

'r.o„nacTb,- » f,™, «l.rous cnpsulo. Tl.c surfnoc of li.e lungs n-n, purple nn.l 
Jgslcning, and dislondcl nlvooll n-oro clonrly visil.lo, Tl,o cut surfnro an. .1,0 l.ronc 
esliclca tliin, Wooa tingcil Oui.l. Tl.c puli,i<,iiar.v arlcry slio.vc.l a inmlciatc ilcgiic 

atheromatous change in the preinilinonarj' jiart. 

Tlie pericardial cavitv contained about 00 c.c. of thin, yellow fluid. 1 he .surtaces 
were smooth and glistening. The heart weighed C-10 grams. As viewed in situ before 
section of the great vessels, the greatest diameter was 3S cm. from the np<-N to t le 
midportion of the right auricle. The superior inferior diameter of the ngdil auricle 
•was lO.o cm. There ■was very marked increase in llio size of tlic lieart, partitmlnvly of 
the right side. Tlio epieardium nas smooth and glistening and revealed a patch of 
fibrosis, gray in color, on the anterior surface of the left ventricle which measured 
about 3 cm. in diameter. Tlic myoeardiuin was firm, dark jnirplisli red in color, and 
presented no gross evidence of sclerosis. Tlic ciidocurdiuni and the valves weic nilli- 
out change. The coronary arteries showed a moderate number of raised, irregular, 


atheromatous plaques. The tricuspid valve measured 12.:> cm. in circumforeiice. the 
pulmonary valve 9.0 cm., the mitral valve 12.0 cm., the aortic valve S.7 cm. Tlic 
tliickness of the wall of the left ventricle was l.G cm., and that of the right O.-t 


to 0.6 cm. 

The aorta displayed a number of raised, irregular, yellow to yellow-white pk'Ujue.s, 
particularly marked in the arch and descending aorta. Ulceration, though rare, was 
occasionally seen. Otherwise the vc.ssels of tlie tlioracii; and abdominal cavities did 
not present abnormalities. 

The spleen and liver were both modcratcl.v and .symmetrically enlarged .showing the 
usual changes attributed to chronic passive conge.stion. A well marked infiltration of 
fat was present in the liver. 

The right kidney was normal in appearance. The left, liowever. was markedly 
atrophied, weighing only 44 grams. Tlie surface was nodular ami two small cysts con- 
taining a cloudy fluid were present. The cortex was extremely irregular in thickness 
and in structure. The glomeruli, however, could bo easily seen. 

The combined weight of the adrenal glands was GO grams. Tliey were norm:i] iii 
size, color, shape and consistency. The p:nicreas weighed SO grams ami was likewise 
normal. No other unusual findings were observed. Permission for Hie removal of 
the brain was not granted. 


On microscopic examination the heart and the bundle of Ills were without ab- 
normality. Tlie aorta showed a moderate degree of intimal tliiekcning of a tvpe at- 
tributable to arteriosclerosis. 

The pulmonary alveoli contained a large amount of iireoipitated albumin. The 
capi lanes of the alveolar wall were enormously distended, and the walls themselves 

sKt -'PParently due to increase in celts of inter- 

stitial tissue, nononuclears or fibroblasts. Many heart failure cells were present 

The liver, kidneys and spleen all presented marked intimal thickeniiie of tlie 
smalloi vessels and extreme passive coiurcstioii TIia ci, , i <■ i- ^ 

»... ..a ,.,,c 
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ELECTOOCARniOGKAMS 

A study of ttic first ciectroenrdiopnim wJiicfi wus oMuined on September 25, shows 
slowing of the cardiac rate during the respiratory phase wliich was noted also on 
direct physical examination (Pig. 1). Tlio average rate during the respiratory phase 
is S3, but it varies from 72 to JOS per minute. Paring the respiratory phase, P, 
changes in form, being frequently inverted. Since the variant P-waves occur when 
the interatirieular intervals arc longest, it seems prob.'iblc that marked slowing of 
the normal pacemaker allows a lower portion of tlie auricle or a portion of the 
auriculovenfricular .system to take over fliis function. P. during an apncic plmse be- 
comes regular at a rate of 115 per minute and is constant in form with tlic excep- 
tion of the last complc.x but one. 



Fig. 1 . — The three standard leads in order from above downward are shown of an 
electrocardiogram taken September 25, the d.ay after admission. Leads I and III 
taken during a respiratorj- (rate 82), Lead II during an apneic (rate lOS) phase. The 
P-waves vary in form during dyspnea. In tliese, as well as in the other reproductions ot 
electrocardiograms in this paper, divisions of the ordinates equal 10-4 volts ; divisions of 
the abscissae equal 0.04 of a second. The original ciiraes are sliarply contrasted blacK 
and \vhlte : no half tones are lost by tlio method of reproduction. They are reduced to 
three-quarters of the original size. 

On October 1, after the administration of 1.5 gm. of digitaii iu five days, the 
change from the slow rate during respiration to tlie rapid rate during .apnea became 
abrupt instead of gradual. During apneic periods a series of ectopic ventricular be.ats 
occurs at a rate of 148 per minute (Pig. 2, Lead I) and during transition from 
apnea to dyspnea various forms of abnormal ventricular complexes (Pig- 2, Leads II 
and III). A similar phenomenon lias been reported by Wassermann.^ The auricular 
rhythm is irregular and blocked auricular impulses occur (one follows the fifth 
ventricular complex in Lead II, and another possible one after the eighth in Lead 
III). Such an occurrence has been described by Wilson and Eobinson.= Three days 
later while digitan was still being given in daily doses of 0.2 gm. (Pig. 3, Lead III), 
a photograph of the end of a paroxj'sm of ventricular tachycardia was secured. The 
slow rliythm which follows is apparently associated with irregular auricular action 
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Fig. 2. — The three standard leads in order from above downward are shown of an 
electrocardiogram taken October 1. Lead I, taken during apnea, shows a series of ectopic 
ventricular beats (rate 148) ; Leads II and III, taken during dyspnea, display many dif- 
ferent forms of ventricular beats. In Lead II the first and second, in Lead III the seventh 
ventricular complexes are the only normal ones. These records as well as those in Figs. 
3, 4, and 5 were obtained after the administration of digitalis. 
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lAovrA-l'c electrocardiogram taken October 4 is sho^^m,, in which a 

ufav tachycardia terminates in a slow ventricular rhythm with auric- 

th?s pafient^ occasion on which auricular fibrillation was observed in 


second inspiration the P-R interval has inereased to 0.40 second; in the next cycle 
aunculoventricular block (2 to 1) is established and continues until the fourth respira- 
lon from the last. When the 1 to 1 sequence reappears, the P-B interval (Pig. 4, lower 
strip) IS prolonged (0.25 second) in the first cycle only. The succeeding complexes ai-e 
venly spaced; their rate is 115 per minute. P^ which is usually upright in this patient 

Two of them occur during perLs of 1 to IrhX 
the fiist of these appearing at the moment of the first respiratory movement- the third 
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Tlie events ^hich occurred during the period when these electrocnrdiograins were 
made have been analyzed (Pig. 6). The curves display the relation of the disturbances 
of rhythm to the phases of the Clieyne-Stokcs cycle. The beginning and the end of each 
respiration are exactly charted as to time. The height is proportional to the recorded 
amplitude. It is plain that sinus slowing and respiration begin at the same time. Tlie 
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auricular rate is reduced from n'‘»fnTo^i 4. 
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after intervals of 0.64 second. As pointed out by Eesnik and Lathrop’ all these varia- 
tions ma}^ be exiilained by tlie occurrences of impulses originating at different levels in 
the bundle of His. The appearance of incomplete block was observed only once on this 
day. Later during the next succeeding respiratory phase three more idioventricular 
contractions occurred (Pig. 5, lower strip). They are followed by T- waves of such 
diverse appearances as to suggest the presence of P-waves stimulated by ventricular 
contractions arriving at the auricles after varying intervals. When these two apparently 
dissimilar slow rhythms are compared, it appears that in the former (Pig. 4) conduction 
of impulses from auricles to ventricles is at fault without important change in the rate 
of impulse formation, while in the latter (Pig. 5), in which marked sloudng of the pace- 
maker appears, various lower portions of the conduction system seem to have taken over 
the function of originating impulses. Disturbance of conduction is a minor factor but 



Pig-, G. — This chart shows the relations existing between the electrocardiographic 
phenomena and the phases of respiration during a little more than one cycle of Cheyne- 
Stokes breathing. The data were obtained from tlie continuous tracings of the electro- 
cardiogram and respiratory movements simultaneously recorded on the same film ; parts 
of this record are shown in Pig. 4. The auricular and ventricular rates are plotted in open 
and closed circles respectively, and those auricular contractions which are succeeded by 
ventricular beats are joined by broken lines to the ventricular beat which follows them. 
Ordinates represent time from the arbitrary zero when the chart begins ; the particular 
ordinate upon which a ventricular beat is charted represents, therefore, the sum of all 
preceding K-R intervals. The curv'e of concentration of oxygen in the blood, being a 
curve made from data obtained in a study of other cases exhibiting Cheyne-Stokes res- 
piration (Anthony, Cohn and Steele”), is dra-^vn to show probable relations in respect to 
time only. Rise of the curve from the base line indicates increase in concentration. 


contributes an influence on the form of the electrocardiogram. Both these rhythms re- 
semble those which are known, however, to follow stimulation of the vagus nerves; tlie 
first exhibiting more especially the effect of stimulating the left, the second, the right 
vagus (Cohn^). 

Six days after the administration of digitalis ceased (October 15) all disturbance of 
rhythm disappeared, leaving only during respiratory periods moderate sinus brady- 
cardia and increase of the auriculoventrieular interval from 0.16 to 0.18 second (Fig- 
7). One month later, on November 14, after taking 1.6 gm. of digitan in four daj’S, 
marked slowing of the rate during respiratory periods recurred (40 per minute. Pig. 8). 
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ooLlo.0 (Fie. 8, lever strip). The for,..„lio>, »t i...l...ls.-a ...ay >...Ioo.l La'" ' ' «.> a“l' 
pvesLd. The next few ventricular coutraetionp woiil.l then 1)0 laiopnllnc m nature, )U 
the form of the coinplc.v is so nearly identical that this cannot be acfmitely ina.ntauied. 
On November 15, after Kivinp 0.2 kiu. more of (ligilan, periods of coupled rhythm ap- 
peared, usually during apneic periods hut without eon.slant relation to the phases of 
respiration. Electrocardiogram.s were tnlmn on November 10 during the exhibit loit of 
this rhythm. The inlualation of carbon dioxide exerted no consistent etl'eets. Though 
cessation of periodic respiration took place, the coupled rhythm was once absent and 
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Fig.. 7. — Two parts of an eleclroenrtliograiii (Ijcad II) arc .selected from a cfintlnnous 
record during a single cycle of Chcyne-StoUr.s respiration on Oeiohcr 1*., six days after 
discontinuing the use of digitalis. The part on the left shows the slow rate, during tiic 
respiratory phase ; that on Uie rigid, llie rapid rate during apnea. 





: / 


.r /.•tA" electrocardiogram (Loail II), taken Xovomher M after llic ndmtnlstm- 
Uon of digitalis, is .shown. In the upper .strip slowing of the rate, cimngo in form of 
^-wavo and increase of conduction time occur ns the curve Is read from left to right Tlio 
beginning of the respir-atory phase is in tlie middie of Um .strip. Tlio lower strip is con- 
tinuous with tlie upper and o.vliiblta extreme slowing of the auricular rate. Tim rapid 
oscillations about tbe fourtli ventricular complex arc artefacts. 


once present. Oxygen ndnnJii.st.ratioii failed to sfo]) fhe periods of Cheyiio-Stoko.s res- 
piration, but coupled rliythm was again present a( one time and absent at .another. Tlie. 
only consistent difference concerned rate. During the ndmin).stration of o.xygeii it was 
80; during that of carbon dioxide, 100 per minute. 


Twenty-four hours before death (November 19) the rJiythm returiiod to uormal se- 
quence and constant rate with a somewhat prolonged auriculoventricular conduction 
time Choync-Stokos respiration also disappeared. The administration of digitalis 
had been discontinued four days before. ‘igu.uis 


DISCUSSION 


This case is similar to that of Resuik and Latlirop in tiuit it presents sim 
. ar totatece. of cardiac ahj-tlim. In orclor to 
rmhmic and respiratory changes to changes in tlie composition of the 
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blood, samples of arterial blood were taken in a manner comparable witli 
that employed by Resnik and Latbrop. The studies of Klein"’ and subse- 
quent studies of our own® have shown that it is neeessaiy, however, to take 
many samples in rapid succession during a respiratory cycle in order to se- 
cure evidence of the variations which take place in the content of gases. 
The samples taken in this ease showed slight differences only in the concen- 
trations of oxygen and carbon dioxide. An oxj’-gen curve based on the va- 
riations found in other eases of Cheyne-Stokes respiration® has, however, 
been inserted in Pig. 6. This curve is not constructed on the basis of exact 
quantities, since these differ widely in different eases. The order of magni- 
tude of change in ox;^^gen concentration varied in our studies from 1 to S 
volumes per cent. The time relations between variations in the concentra- 
tion of gases in the blood and phases of the respiratory cycle were, how- 
ever, constant. It is Avith a view to emphasizing these relations that the 
cuiwe is reproduced. The lowest concentrations of oxygen occur during 
the early portion of the respiratoiy phase, the highest during the end of the 
dj^^spneic or first part of the apneic phase. The changes in concentration of 
carbon dioxide occur in inverse relation, 

Resnik and Lathrop suggested that periodic anoxemia, occasioned by pe- 
riods of apnea superimposed upon anoxemia existing as a continuous state 
due to heart failure with edema, was sufficient to stimulate vagal activity 
(Greene and Gilbert^) and that it was this activity that Avas responsible for 
the disturbances of cardiac rhythm. The highest concentration of oxygen 
which they found occurred, hoAvever, during the pei’iod of greatest vagus 
stimulation. Very Ioav concentrations of o.xygen (7 or 8 per cent) must, 
furthermore, be reached before stimulation of the vagus takes place 
(Greene and Gilbert®). But attention must be called to the fact that the 
action of low tensions applies only to normal cardiac muscle. It is con- 
ceiAuble that diseased heart muscle, such as Avas present in the patient who 
forms the subject of the present study, may be more irritable, that is to say 
more sensitive, to yagal stimulation. Although the lowest concentration 
of oxj^gen occurred during the respiratoiy phase, so that a causal relation 
may be assumed to have brought on AUgal stimulation, the concentrations 
usually attained do not seem Ioav enough to be per se responsible for the re- 
sult. The influence of other factors, change in hydrogen-ion content, pe- 
riodic change in the irritability of the medullaiy centers or the presence of 
a drug capable of influencing the tone of the vagus nerA^es, must be taken 
into account. The last factor, digitalis, Avas present both in the ease of 
Resnik and Lathrop and in our OAvn. In our oaaoi, furthermore, e.xtreme 
sloAving, auriculoventricular block, appearance of idioventricular com- 
plexes, paroxysms of Amiitricular tachycardia and coupled rhytlim Avere all 
present only Avhile the patient Avas under the influence of the drug. 

Manj’’ statements concerning the fact that cliange of rate and rhythm of 
the heart take place Avith the changing phases of Cheyne-Stokes respiration 
are to be found in the literature. Reports of illustrative eases, hoAveA^er, 
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a«„ot munevous. The fn.,,, two were roportccl hy 
1911 He tlioiight tliat the slow rhythm A\as due, ui th - > ■ , 

Lmplete auric, .lovcntricular block (2 lo 1), au<I iu Ihe accond to cou p c l 
rhythm in which every second beat failed to canso pulsation at the mus 1. 
He states that both of these rhythms occurred only while the pat leiils ii ci c 

under the influence of digitalis. _ , . , m 

Biiiimler^'’ in 3912 reported a case of heart failure in winch Che> no- 

Stokes respiration following a dose of morphia by loss than twenty-four 
hours was observed fift een days before death. During t he height ot the pe- 
riod of re.spiration on several occasions complete cc.swit!on of ventricnlar 
activity occurred, once for fifteen seconds; “Herzstillstand’- was accom- 
panied by a veritable Stokes-Adams syndrome. This patient, too, had re- 
ceived digitalis for a long period of time. 

Rotld^ in 1916, included reports of several very iul cresting case.s in a 
treatise on the effect of Cheyne-Stokes respiration on irregular action of 
the heart. In two cases of auricular fibrillation, marlced slowing during 
the respiratory phase occurred. Atropin employed in one rcliovcd slowing 
without affecting the periodicity of the breathing. 'I'wo cases with eou])lod 
rhythm exhibited marked slowing with dy.spnca. One of these had been 
given digitalis ; there is no mention of the use of the drug in the other case. 
The most interesting of all of his observations was that made after pro- 
longed exhibition of digitalis in a patient with heart, failure hnt without 
Cheyne-Stokes breathing. On walking about the room, dysjinea of suffi- 
cient degree occurred to bring on anrienlovcntrieular block, Holli demon- 
strated this occurrence by means of simultaneous tracing.s of the .iugular 
and apical pulses. 

In 1925, Resnik and Latbrop’s report appeared. Their patient too liad 
received considerable digitalis. This was the first ])nhlisbed cloctroear- 
diograpbic record of anrienlovcntrieular block occurring during the 
respiratory phase of Clieyne-Stoke.s hrcalliing. Fi.scbcr^'' in 1927. de- 
scribed a patient suffering from auricular flutter in whom during the 
period of apnea, flutter Avitb or without incomplete heart block (2 to 3) 
was transformed into heart block, the ratio being 7 to 1 or even 8 to 1 
during the respiratory phase after the administration of only 0.1 gin. of 
digitalis, an amount which seems too small to bo of significance. Wencke- 
bacld'' mentions a ease of bigeminy, and 'Wassermamd two cases with 
ventncniar tachycardia oeenrring during the period of apnea, in all 
three of which a great reduction in rate during the respiratory phase 

actually was apparent, but since they were lused only a.s illust,rati;e cases, 
no mention of therapy nfa-s made. 

In thirteen cases in which great slowing in rale ami clistnriianco ot tl.e 
kasic cardiac rhythm took place during Hie dyspneic phase o£ Cl.oyne! 

amounts of digitalis; in 


Stokes respiration, nine had received considerable r 


ihree no mention ot the nse ot the dre.;'™;ro S 

digitalis was given. In „„e case with heart failure: a ttcrZllged ^iso oi 
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digitalis, a sudden attack of dyspnea induced a veiy slow rliythm. In view 
of the recognized effect of digitalis on the behavior of the vagus nerves, its 
presence in the organism must be considered as a potent influence in en- 
hancing the strength of periodic vagal stimulation during Cheyne-Stokes 
respiration whether due to change in the center itself or to rhythmic deficit 
of oxygen. 

SUMMARY 

1. A case of heart failure is reported exhibiting Cheyne-Stokes respira- 
tion in which various types of cardiac arrhythmia were recurrently mani- 
fested during the dyspneie phases of the respiratoiy cycle. 

2. Sinus slowing, prolongation of the P-R interval, partial and complete 
heart-block, and during suppression of the formation of sinus impulses, 
idiopathic ventricular rh 3 ffhms were observed. 

3. All of these changes in rh.ythm have previouslj'' been observed to fol- 
low various degrees of vagal stimulation. 

4. With the exception of sinus slowing, all the phenomena occurred only 
after administi*ation of digitalis in effective therapeutic doses. 

5. Since digitalis has usuallj’- been administered in eases of Chejme- 
Stokes breathing in which such disturbances of rhythm appeared during 
the dj’-spneic phase, it is suggested that the vagal effect of this drug is a 
powerful adjunct in their production. 

Since this paper was prepared for publication, two articles dealing with reports of 
somewhat similar eases have come to our attention. Hamburger, W. W., Katz, L. N., 
and Eubiniield, S. H. : Am. Heart J. 7: 498, 1932; and von Hoesslin, H.: Klin. 
Wchnsehr. 11: 971, 1932. 
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THE ELECTROCARDIOGRAPHIC CHANGES FOLLOWING THE 
LIGATION OF THE SMALL BRANCHES OF THE 
CORONARY ARTERIES'' 


W. M. Fowler, M.D., H. W. Rathe, M.D., and Fred M. Smith, M.D. 

Iowa City, Iowa 

'T^HE occuiT'eiice of a negative T-wave in the eleetroeardiogram follow- 
ing the experimental ligation of the coronaiy arteries in the dog 
was first observed by Halin'^ in 1911. Smith- in 1918 described a series 
of successive changes in the electrocardiogram following the ligation of 
these vessels. In this investigation sixty-six dogs were used. The right 
coronary artery Avas ligated in eight, the anterior descending branch 
of the left coronaiy artery in eleven, the circumflex branch of the left 
coronary artery in fourteen and a combination of the A’^arious branches 
of the latter tAvo vessels in thirty-three animals. Forty of these dogs 
survh'-ed the operation and Avere observed for periods ranging from two 
to ninety-one days. These observations Avere later cheeked in a series 
of tAventy dogs in Avhieh various divisions of the anterior descending and 
circumflex branches of the left coronary artery Avere ligated.® Sixteen 
of this series recoA'’ered from the operation. Electrocardiograms Avere 
taken i^rior to the operation and in the vast majority at daily intervals 
during the fi.rst Aveek to ten days of the postoperative course. After this 
period, records AA'^ere obtained at one- to tAvo-Aveek inteiwals until the 
animal AA'as sacrificed. The alterations in the electrocardiogram sub- 
sequent to the closure of the branches of the left coronary arteiy Avere 
successwe and quite uniform in eharactei’. Soon after the ligation of 
either of the main branches of the left coronary artery the T-deflection 
became more prominent and in some instances approached, or CA^en ex- 
ceeded, the height of the R-deflection. Occasionally, the entire R-T seg- 
ment AA'as iuA^olved and arose from the descending limb of the B-wave 
Avell aboA'^e the iso-electric line. The initial change in the electrocardio- 
gram seemed to vary mth the extent of the functional impairment of 
the myocardium. It AA'as ahvays greatest folloAA'ing the closure of either 
of the main branches of the left coronary artery, jiai'ticulaiiy the cir- 
cumflex, and AA'as most marked after a combined ligation of these vessels. 
This alteration might furthermore be magnified by increasing the Avork 
of the heart through the constriction of the aorta. 

Within tAventy-four hours the T-deflection became negative. The 
sharp character of the T-Avave in the doAA'nAvard or even in the later up- 
right position Avas a distinetiA'c feature. The extent and duration of the 

•From Uic Dcp.irtnient of Internal Medicine, State University of Iowa, Iow;i City, 
Iowa. 
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negative T-dofleetion in general varied xvitli the size ol 
ind possiblv Avitli the degree of the collateral cireidalion. . p • ‘ ' 

?ntS le an.all toan^hea were ligated the above alien, t.on.v oeenrm 
in Lead I or in Leads I and II, ^vhereas following the closure of eithw 
of the main branches of the left coronary artery it irc(iuenth appeal c( 
in all leads. The extent of the downward deflection gradually became 
less, and by the sixth to eighth day, or even in less time, changed to a 
positive phase in Lead III and later in Leads 11 and I. Occasionally 
the order was reversed in which the T-wave in Lead 1 became positive 
first, followed by a similar alteration in Leads 11 and III. iiiese siieccs- 
sive clianges frequently continned until llic T-wave was upright, in all 
leads or at least in two derivations. This stage was usually observed 
in the second and fourth week and was often associated with a red net ion 
in the amplitude of the H-dcflection. Thereat ter the rate of progies- 
sion was much slower. In some the T-wavc returned to the iso-elcetric 
line or even to a negative phase following wliich there was apparently 
no further alteration. Instances were recorded in which the T-wave was 
distinctly negative in all leads thirty-eight days after the ligation of 
the anterior descending branch of the left coronary artery. In other 
animals similar findings were observed in Leads 11 and 111 when sacri- 
ficed fifty to seventy da.ys after the operation. 

A reduction in the amplitude in llie QllS group was observed by 
Smith, but not emphasized until a later report.'* It was pointed out 
that this alteration followed a closure of the circumtlex branch of tlic 
coronary artery in six (100 per cent), the anterior descending bvauch 
of the left coronary artery in two (20 x)cr cent) and a combined ligation 
of the branches of these arteries in four (30 ])er cent). Tliis change was 
observed as early as the second day. In .some the amplitude retni'ued 
to the original level, wiiereas in others it persisted until necropsy. The 
latter was noted particularly in the animals in wliieh llie circumtlex 
branch was ligated. There was occasionally some slurring of the QKS 
gioup, blit no distinctive increase in the duration of these complexes. 

In the above investigation, iirematnre contractions were often noted 
a few minutes following the ligation and were frequently present 
twenty-four to forty-eight hours after the operation. They oceasionally 
occurred in runs and in some instances passed into a tachycardia which 
terminated in ventricular fibrillation and death. One animal with t])c 
circumflex branch of the left coronary artery ligated was cited ii'liich 
had many premature contractions throughout the postopa-alivc period, 

by the ligation of tlie coronary arteries and this condition Ins 
suiee been encounterefl in man following corona , t oeelnsion 

espeets to the mvest,gations of Smitli. Tbosc observers were 
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primarily interested in the occlusion of the smaller arteries and the 
production of a disseminated fibrosis of the mjmcardium in the dog 
through the introduction of a susiDcnsion of lycopodium spores into the 
coronary circulation. In some instances, however, the larger branches 
of the left coronary artery were completely filled, producing extensive 
areas of infarction comparable to that induced by the ligation of these 
vessels. Furthermore, the animals were studied eleetrocardiographically 
in much the same manner as in the ligation experiments. The electro- 
cardiograms of the dogs that received overwhelming injections of the 
lycopodium suspension and died within a few minutes or during the 
first twenty-four hours showed conspicuous alterations in the T-deflec- 
tion and in the E-T segment. In the animals which survived the in- 
jections for weeks or even months the suceessiAm changes in the T-Avave 
Avere similar to those obserA’'ed folloAving the ligation of the coronary 
arteries. When the injection missed the lumen of the vessel “no per- 
manent change in the eleetroeardiogi’am Avas found, although strange 
and curious findings Avere noted transitoril}’- “ Avhieh they attributed 
to trauma and hemorrhage produced by the manipulation. 

Barnes and Mann' have more recently repoided a series of experi- 
ments on tAvelve dogs in which the pericardium Avas opened in six, a 
posterior division of the circumflex branch of the left coronary ligated 
in three, and one or more branches of the right coronary artery ligated 
in three animals. They obseiwed that the opening of the pericardium 
AAuthout further operative procedure produced suecessh'^e changes in 
the T-waAm and noted a significant dcAuation of the RS-T segment fol- 
loAving the ligation of the branches of the right and left coronary ar- 
teries. The deviations in the RS-T segment, involAung particularly 
Leads I and III, appeared immediate^ after the ligation and disap- 
peared within twenty-four hours. Thereafter the alterations in the 
electrocardiogram concerned chiefly the T-deflection AAfiiich passed 
through a series of changes similar to those prcAdously described. While 
the RS-T segment deviations resulting respectively from the ligation 
of the branches of the right and left coronarj^ arteries differed some- 
what in their general character, the most important aspect concerned 
the direction assumed in Leads I and III. FolloAAung the ligation of the 
branches of the right coronary artery they AA^ere doAvn in Lead I and 
upright in Lead III, whereas subsequent to the closiu’e of a division 
of the left coronary artery, the reverse order preAmiled. These investi- 
gators concluded that the RS-T segment dcAuations Avere distinctive 
for lesions of the right and left Amntriele, but did not feel that the 
changes in the T-waA’^e were necessarily indicative of a cardiac infarc- 
tion, since this alteration was observed after the opening of the peri- 
cardium without the ligation of a vessel. 

Otto,® Wood and Wolferth,® and Fell, Katz, Moore, and Scott’® have 
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studied tlto early 

the coronary arteries in the dog. Otto onsci\ea i o 
with an ST fusion in Lead II iimnediatcly after the closure of the rig 1 , 
coronary artery and an increase in the amplitude in the -uai . ^ 

disappearance of the RT interval follo^ving ligation of the mam division 
of the left coronary artery. Feil, Katz, Moore, and Scott liga ed only 
the anterior descending branch of the left coronary arteij. lej con 
eluded that the ligation of this vessel, in acute experiments, protlucec 
no characteristic RT deviation in the cleetrocardiograni, provided the 
cardiac mechanism remained normal. In further experiment!?, hone\cr, 
in Avhich in addition to the closure of the above vessel the inferior vena 
cava Avas ligated for periods of five minutes, the typical altciations axi- 
peared. Wood and AVolferth, on the other hand, recorded definite 
alterations in the electrocardiogram following the temporary closure of 
various branches of the left coronary artery. In some instances an in- 
verted T-defleetion was the initial change, whereas in other experiments 
the opposite effect was produced; viz., an elevation of the RT segment. 
These alterations disappeared soon after the clamp was removed from 
the vessel. The magnitude of the above changes .seemed to depend on 
the vessel ligated, the extent of the infarction, and the duration of the 
occlusion. The ligation of the circumflex branch of the left coronary 
artery was more effective in producing the changes in the elect rocardio- 
gi'am. The most striking alterations, however, were observed following 
the combined ligation of the circumflex and the anterior descending 
branches of the left coronary artery. The size of the area of infarction 
and the extent of the functional impairment of the myocardium seemed 
to be the most important factors. 

Clinical application of these experimental findings have been made by 
numerous observers and in those instances in which the initial electro- 
cardiograms were taken soon after the cardiac accident and progress 
curves obtained at frequent intervals, the alterations agreed in 
every essential detail with those produced experimentally in the 
aog.ii, 12, 1.1, changes in the T-deflcction duplicate those en- 

countered in the experimental curves except for more rapid progression 
m the latter. The alterations pertaining to the reduction in the ampli- 
tude m the QRS group were likewise of the same general character. 

he greatest difference concerned the initial change in the electrocardio- 
gram or the so-called R-T deviation. This feature was distinctly more 
pi eminent and lasting m the clinical electrocardiogram. This however 
IS not unexpected in that the condition of the coronary arteries in the 

?n tw w."”? 1 ° *’“* coimory occlusion 

e lattei, because ol tbe associated sclerosis of the coronary arteries 

the derangement ol the myocardial (unction is likely to be more ™ 0 

und and the reparatiyc process slower than that in the dog lollowimv 
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the closure of a corresponding- vessel. There is, furthermore, a greater 
possibility of an extension of the myocardial damage, as indicated by 
Parkinson and Bedford^" and as suggested by certain curves observed 
bj'' the writers. 

Alterations in the T-defleetion have been produced experimentally by 
other means and have been observed clinically in conditions in which 
the coronary arteries were at least not primarily concerned. Eppinger 
and Eothberger,^’’ in 1909, noted a negative T-wave following the in- 
jection of silver nitrate into the right basal portion of the heart, whereas 
an exaggerated deflection was obtained when the chemical Avas intro- 
duced into the left apical region. The oi^posite effect Avas induced by 
spraying the heart AAoth ethjd chloride. Wilson and HerrmaniP® and 
SmitlP also obserA’-ed that localized temperature changes alone produced 
striking alterations in the T-deflection. Wilson and FinclP*’ obtained 
similar results in man b}^ haA'ing the subject drink ice AA^ater. Parade 
and Stepp-® injected 40 per cent lij)iodol solution into the mjmcardium 
through the intact chest wall and found that the T-AA-ave became nega- 
tive Avithin tAventy-four hours and in most instances subsequently re- 
turned to the original leA^el. Porte and Pardee”^ observed three eases 
of rheumatic pericarditis AAutli a negatiA'-e T-AvaA^e in Leads I and II and 
at necropsy in one found an early fibrotic lesion AAutli moderate cellular 
exudate beneath the epicardium. Similar electrocardiographic changes 
were noted by Scott, Feil, and Katz®^ in pericarditis AAuth effusion. They 
also produced an alteration in the S-T segment and in some instances 
an inversion of the T-AA'ave by the experimental introduction of fluid 
into the pericardial sac.®® These results Avere attributed to the increased 
pressure on the heart and a consequent anoxemia. Cohn and SAAuft®'' 
recorded changes in the T-deflection during* rheumatic fever AA’hich Avere 
regarded as being iudicatiA'e of a mjmeardial involvement. These findings 
have since been confirmed by other obserA^ers. SuggestiA'^e alterations 
of the same general character haA'^e also been encountered during the 
course of pneumonia,®® diphtheria, and scarlet fcA'^er.®® 

Recently CraAAfford, Roberts, Abi’amson, and CardAvell®’ have studied 
the effects of localized A-entricular lesions on the electrocardiogram in . 
the cat. These lesions Avere produced by electric cautery and AA^ere about 
cm. in diameter and as deep as possible AA'ithout penetrating the 
A'-entricular cavitj'. In order to facilitate the interpretation of their 
results, the A’-entricular AA’all AA’as dhuded into eight regions, the left 
apex anterior, the left base anterior, the left apex posterior, tlie left 
base posterior, the riglit apex anteriox*, the right base anterior, the right 
apex posterior, and the right ba.se po.sterior. These observers concluded 
that lesions in similar sites produced the same type of curve. Lesions 
on the anterior surface of the left ventricle gave a Ti type of electro- 
cardiogram, Avhereas those on the posterior surface of the left ventricle 



fowler ET AL. : ELKCTnOCARPIOQUAl-HIC CirAKOES 


07r; 

oiO 


iueludi..- tl'o produced the T, ln». Cantericuliou oi: the right 
vaitriek at the various sites indicated ahove, except possibly the .111- 

ievior base, resulted in a curve of llie T.i 1yj>e. 

The ligation experiments so far recorded have been cone in 
the most part with the larger branches of the coronary arteries. In m 
present investigation only the smaller surface branches wm-c hgated in 
order to determine whether the closure of a vessel of this svkc won ( 
produce characteristic alteration in tlie electrocardiogram. Ihc ves- 
sels selected on the left ventricle were usually the third or fourth sub- 
divisions and a ligation was made a .short distance proximal to Ibcir 
penetration of the myocardium. The influence of certain stages in the 
operative procedure on the electrocardiogram was also studied. It uas 
hoped that these results might he helpful in the diagno.sis of tlie oc- 
clusion of the smaller coronary arteries in man. 

In this study, thirty-seven experiments were jicrformed on twenty- 
four dogs. Five of these animals were subjected to t wo ojierations and 
four animals to three operations. The dogs were anesthetized with 
ether; a ti’achcal cannula was inserted and the anesthesia eontimiod 
under positive pressure. 

The ehest wall was opened by an incision parallel to the sternum on 
either the right or left side, depending on whicli ventricle was to be 
exposed. In four instances tlie chest wall was immediately closed with- 
out further operative procedure. In seven dogs the operation was ex- 
tended to the pericardium and an jnci.sion made to the .same oxlent as in 
the ligation experiments. Sterilized vaseline was applied between the 
Aoseeral and parietal layers of the pericardium in three animals in order 
to prevent adhesions. Tlie opening in the iiericardium was sutured 
with ]ilain catgut and the ehest was closed in the usual manner. In the 
reiiiainiiig twenty-six experiments a small vc.ssel was ligated. The open- 
ing in the pericardium was made as nearly as ]iossibIc over the ])oiiit 
selected for the ligation and a silk ligature passed under tlie artery and 
peiiaiterial structures. In the five instances in which a jiosterior di- 
vision of the left coronary artery was ligated, the inei.sion in the peri- 
cardium was made directly over tlie vessel in two and on the lateral 
aspect of the left ventricle in three. 

One dog died from pneumonia and one from an intrapleural liemor- 
rhage eight days following tlie operation. Tlie remaining twenty-two 
animals were antopsied at chosen intervals from one to sixty-two' days 
atter the operation. 

and at daily 


taken after the anesthetic, and at frequent intervals durin 
first few hours after the operation. The anesthetic produced no 
mfieant alterat.ons in the clectrocardiogrant. During the Ivh 


>g the 
sig- 
po.st- 
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operative period, various tyjDes of arriiythmias were observed, and in 
a few an elevation of the T-wave was noted. Tlie skin resistance was 
measured in each instance and never exceeded 2500 ohms. 

A small twig of the anterior descending branch of the left coronary 
artery Avas ligated in eleven dogs. In one instance in Avhich progress 
euiwes Avere taken at frequent interAmls folloAving the operation, an in- 
crease in the amplitude of the T-defleetion Avas noted thirt}^ minutes 
after tlie ligation. In another, Pig. 1, tlie T-AA'ave in Leads I and II 
was negative Avithin three hours. Within eighteen to tAvent 3 '-four liours 
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Fig. 1. — Dog 2, Operation: Ligation of a small branch of the coronary artei-y on 
the anterior surface of the left ventricle. Resnlts: Inversion of the T-wave in all 
followed by an increased amplitude and later by a return to the normal level. R-T 
segment elevated. Pathology : Twenty-nine days postoperative. Adherent pericardium, 
occlusion of a coronary vessel, and subepicardial fibrosis on the anterior surface of 
the left ventricle. Microscopic examination showed subpericardial fibrosis with ex- 
tension into the adjacent myocardium. 


at dowuAvard deflection of the T-Avave in tAvo or more leads Avas recorded 
in eight dogs. This alteration AA'as possibly obscured in one instance by 
a persistent ventricular arrlijdhniia. In the remaining tAvo animals 
there Avere no significant changes in the electrocardiogram. The loca- 
tion of the ligation and the leads in AA'hich the negative T-deflection oc- 
curred in the eight animals is sIioaaui in Pig. 2. It is to be noted that the 
T-wave was doAAm in all leads in four, in Leads II and III in one, and 
in Leads I and II in three animals. 
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Fig. 4 . — Dog f). First Opcrntion : Ligation of a small coronary vessel on the pos- 
terior surface of the left ventricle. licsult ; Inversion of T-\vave in all leads with a 
high take-off of the R-T segment. Second Operation: Ligation of a small branch on 
the anterior surface of the left ventricle. Jicsult: Inversion of the T-wave in all leads 
with an elevated R-T segment. I’athoioov : Seven days postoperative. Adhei-ent peri- 
cardium over both ligations and occlusion of both vessels. Jlicroscopic examination 
showed degeneration of the muscle fibers and partial replacement by connective tissue. 
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The T-Avave usually returned to the positive phase iu from four to 
six days. The change to the upright position Avas observed first either 
in Lead I or in Leads II and III. This Avas folloAA’^ed hj’’ a gradual in- 
crease ill the amplitude of the T-deflection Avhich reached the greatest 
height betAveen the fifth and ninth day folloAving the ligation, and 
gradually returned to the original level. The increase in the amplitude 
of the T-defieetion Avas most prominent in Leads II and III, even though 
it Avas not ahvays preceded by a negative phase in these particular 
derivations. 



A 


Fig. 5. — Dog 15. Operation: Ligation of small descending branch of coronary 
artery on right ventricle. Result: Inverted T-wave in Leads II and III, return to a 
positive phase on second day, followed by an increase in amplitude. R-T segment ele- 
vated. Pathology : Six days postoperative. Adhesions between pericardium and epj- 
cardium. AVhitish discoloration of endocardium and small whitish areas in the myo- 
cardium below the ligation. Microscopic examination : Muscle bundles shrunken with 
loss of fibrillae and nuclei. Cytoplasm granular and vacuolated. Granulation tissue in 
epicardium. 


A vessel AAms ligated ou the posterior surface of the left A'^entricle in 
fiA^e dogs. These A'-essels Avere divisions of the circumflex branch of the 
left coronary artery. The ligation of these arteries produced the most 
constant change in the electrocardiogram, since in every instance a 
negative T-deflection in all leads Avas observed Avithin eighteen hours 
(Fig. 3). The .subsequent changes in the T-deflection after ligation of 
a posterior branch Avere identical to those folloAAung the ligation of the 
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divisions of the anterior descending brancii of the left coronary artery. 
In three dogs the T-wave returned to the positive phase by the fourth 
day and the remaining animals were autopsied at twenty-four to forty- 
eight hours respectively after the operation in order to observe the 
pathological changes during this period of the T-wave negativity. In 
Fig. 4 it will be obseiwed that after a period of fourteen daj^s a vessel 
on the anterior apical surface of the left ventricle was ligated. The 
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period of observation. The location of the ligation and the changes in 
the T-vave associated with each arc indicated in Fig. 6. 

The pericardium was opened and sutured without the ligation of a 
A^essel in seven dogs. A negative T-Avave was reported in six and oc- 
curred in all leads in three animals (Fig. 7). Although the application 
of A-aseline prevented the formation of adhesions between the layers 
of the pericardium, alterations of the electrocardiogram occurred. In 
all instances in Avhieh the animal was followed for any considerable 
period the electrocardiogram returned to normal as in the ligation 
experiments. 

The chest wall Avas opened in four dogs Avilhout further operative 
procedure. In one instance the T-Avave became negative in Lead T. This 



RIGHT 

Fig. G. — Right ventricle, showing .site of ligation for each animal. Inversion of Ti 
alone occurred in Dogs 11, in, 14, and 1C. Inversion of Tc and Ts occurred in Dogs 12, 
15, and 25. 


animal Avas autopsied on the fourth day and an extensive pericarditis 
AA’as found. There Avere no significant electrocardiographic changes in 
the remaining three animals. 

In those animals in Aidiich the pericardial sac Avas opened, but no A^es- 
sel ligated, an inflammatory reaction of the Ausceral layer Aidth a Avhitish 
discoloration of the underlying epicardium Avas found. Adhesions Avere 
present betAveen the pericardium and the chest AA'all and betAveen the 
pericardium and the epicardium in most cases. Even though there Avere 
no adhesions, the discoloration of the epicardium Avas a constant feature. 
The larger vessels passing through this area Avere patent in all instances. 

On microscopic examination an inflammatoiy reaction Avas found in 
the pericardium and epicardium Avliich extended into the superficial 
muscle tissue. The muscle cells in the iiwolved area Avere lightly stained 
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and showed fragmentation and vacuolization. Varying degrees of cel- 
lular infiltration were present witli some se]>aration of the muscle fibers. 
There was also a marked h,yperemia with an engorgemcut of the capil- 
laries, and in certain instances hemorrhagic areas. 

In the ligation experiments examination of tlie hear! at necropsy 
sliowed that the vessel was occluded in every animal. Tlie gross changes 
in the myocardium at the site of the infarction were usually slight and 
difficult to detect. In some there was no apparent alteration in the 
appearance of the cardiac musculature. Even in those instances in 
which gross changes were present it is extremely doubtful if many of 
the lesions would have been located had not the ligature directed at- 
tention to them. These lesions Averc usually limited to the central nor- 
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Fibrous tissue replacement generally began by the fifth to seventh day 
and Mas usually fairly completed by the end of the second or third week. 

COMMENT 

In the present investigation the elianges in the T-wave were the most 
characteristic features. They oeem-red following the ligation of the 
smaller branches of the coronary arteries, after an incision in the peri- 
cardium, and in one instance subsequent to the opening of the chest 
wall alone. The various stages in the evolution of these alterations were 
associated with fairly definite patliological findings. Histological exami- 
nations during the period of negative T-deflection showed an acute de- 
generative lesion in the ligation experiments and an active inflammatory 
reaction in those in which an opening was made in the pei'ieardium. 
When sections were made after the T-wave had returned to the positive 
phase or an exaggerated upright position, the histological picture was 
that of a healing process with fibrous tissue formation. The return of 
the electrocardiogram to the normal -was associated with complete re- 
placement by fibrous tissue. 

It is to be noted from Figs. 2, 3, and 5 that there is no apparent cor- 
relation between the location of the lesion and the type of the electro- 
cardiogram. In each instance in which a vessel was ligated on the pos- 
terior surface of the left ventm'cle, the T-wave became negative in all 
leads. The closure of a vessel on the anterior surface of the left or 
right ventricle might be followed by a negative T-deflection in all leads, 
in Leads II and III or on the I’ight side in Lead I alone. In those in 
which the ligation of a posterior branch was followed after a period 
of two or three weeks by the closure of an anterior branch of the left 
ventricle there was no particular difference in the T-negativity except 
that it was more marked with the posterior lesion. 

The changes in the R-T and the S-T segments were not a prominent 
feature. They occurred in the pericardial experiments as well as in those 
in which a vessel was ligated. When present they were invariably over- 
shadowed by the alteration in the T-deflection and apparently de- 
pendent on the latter. Within recent years the alterations in the electro- 
cardiogram associated with coronary occlusion have almost exclusively 
been referred to as an R~T deviation. In view of , the findings in the 
dog where it is possible to follow each successive stage in the evolution 
of these changes we are not comdneed that this is the correct interpre- 
tation. On the other hand, it would seem that the T-wave is primarily 
concerned and that the alterations in the E-T segment are secondary 
to the latter manifestations. 

The alterations in the T-deflection, although less prominent and of 
shorter duration, were of the same general character, and the succes- 
sive changes were identical to those described by Smith and later eon- 
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Armed by various investigators of coronary occlusmn. It js to be ic- 
called that the lesions in the myocardium produced by the Ijgation 
vessels in our experiments tvero very small and m certain ’’ 

apparent in the gross specimen. Myocardial Ic.s.ons nere also demon- 
strated by the histological examination m cacli oi the six animals^ in 
which alterations in the elcetrocardiogram occurred after an incision 
in the pericardium. In the one. dog in which tlie T-wave chaiipd to a 
negative deflection after the opening of the chest wall an exlensivc peri- 
carditis was found at necrops}^ ‘While sections were not made ol the 
heart in this particular instance, vc are justified in a.ssmning, in view 
of the findings in the other experiments, that the nij-oeardinin was in- 
volved. With this possible exception the successive changes in the 
T-wave were associated with a deiiionslrahle lesion of the myoeardinm. 


It is believed that this type of eleclroeardiograpliie alteration is indica- 
tive of myocardial damage and that the changes observed by Barnes and 
Mann" after the opening of tlie pericardium, are explained on this basis. 
This is in accord with the observations of Porte and Pardee"^ witli 
reference to rheumatic pericarditis and the conclusions of Colin and 
Swift-* and others concerning the alteratioms in tlie T-wave a.s.sociatcd 
with rheumatic fever. 

It would seem tliat the serial electrocardiogram, e.specially with 
reference to the successive altci’ations in Die T-defleclion, provides a 
means of detecting minor damage to Die myoeardinm which might nob 
be recognized otherwise. Tliis is particularly applicable to coronary 
artery disease in which the progression of the cardiac disability is so 
frequently dependent on a seric.s of coronarj’ occlusions. If a larger 
vessel is occluded the clinical manifestations arc oflen sufficient to 
permit a diagnosis. It is quite likely, however, Diat the closure of the 
smaller branches plays an important role in Dio progression of Die 
cardiac disability in tins form of heart disease and is often responsible 
for the anginal sjmdrome. While further detailed clinical studies may 
permit a diagnosis of certain of the occlusions involving the smaller 
branches, the iiossibilities in this direction are obviously limited. Our 
results have shonm that the ligation of the smaller arfeidal twigs in the 
dog produce characteristic altei-ations in the electrocardiogram, and it 
is believed that the same will hold for man. 


UUiSUJLiUSION.S 


e nght and left coronary aiteics and also tlic opening of flio peri 

n tZ‘1 a .. I„ each instance the alteration 

m the T-dcflcction was associated «th a lesion of the mvocardhr w! 
beUeve that electrocardiographic changes of this 11^:1 
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five of a myocardial lesion and feel that these findin'rs may he helpful 
in the diagnosis of occlusion of the smaller branches of the coronary 
arteries in man. 

We wish to express our fipi)reci:ition to Dr. W. W. Ilcrrniniiii of tlie Department 
of Patliolopy for liis oxaininatioii of all iicerop.sv speeimens. 
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STUDIES IN 0SCILL03IETKIC PBESSUEE"’ 

H. R. I\riLI,KR, ]\r.D., AKD W. ClIKSnOR, SI.D. 
New York, N. Y. 


INTRODUCTION 

'^HE oscilloinetrie stnd.y of blood pressure is not uew. As far back 

as ISSO ]\Iarey^ noted that blood pressure oscillations are seen to 
be maximal when internal diastolic blood pressure is counterbalanced 
by an external pressure compressing the vessel. For the measurement 
of these excursions A’arious insti'umcnts were soon invented, all based 
upon the use of external pressure applied Ihrough an armlet connected 
to a measuring indicator. Readings in pulsations (oscillations) were 
recorded graphically or visually. Visual recording devices were used 
by Hill and Barnard,- Oliver,® (using compressed air), Pachon,* and 
Stanton,® and Janeway® whose instruments were based on Gumprecht’s'^ 
observations that the Riva Rocei sphygmomanometer could be utilized 
for this purpose. Graphic recording devices were employed by Gibson® 
(with Singer’s modification), Recklinghausen® and Erlanger,^® and re- 
cently a Pachon apparatus! has been modified to give graphic results. 

These investigators were not in agreement on the relation of maximal 
oscillations to either systolic, diastolic or mean pressure.! Thus, for 
example. Hill and Barnard,® also Oliver,® fixed maximal oscillations as 
the mean pressure while I\Iartin“ confirmed this e.xperimentally for an 
exposed artery lying on a firm flat surface but not in vivo under normal 
conditions. On the other hand Sahli,*® Howell and Bimsli,^® Oliver,® 
Gibson,® Pachon,* Recklinghausen,® Erlanger,*® Janeway,® confirmed 
Marey’s contention that maximal oscillation arose at the diastolic pres- 
sure level. Tschlenoff*"* expressed a view, discredited and neglected for 
a long time, that the maximal oscillations were associated with systolic 
pressure. 

Recently Vaquez*® and his coworkers turned to the question anew. 
They quote Pachon (1921) and Gley and Gomez (1930) who, in dis- 
proving Marey’s principle, established maximal oscillations as agree- 
ing with mean pressure. The Vaquez group now maintains unequivocal- 
ly that maximum oscillations do not coincide with assumed diastolic 
pressure; instead thej’’ consider the maximum oscillations as a visual 

*Prom the Montefiore Hospital, Medical Ser\'ice of Dr. B. S. Oppenheimer. 

tManufactured by Boulitte and Co. 

tMean pressure is not to be confused -wltli pulse pressure. The difference between 
systolic and diastolic pressure is designated as pulse pressure ; it represents the su^ 
den increase in blood pressure as it distends an artery, the brachial, for instance, witn 
each systole of the heart. Mean pressure, on the other hand, is estimated by mking 
the arithmetical mean of the systolic and diastolic figures. Lian (Appartel Circu- 
latiore, Ed. 2, 1926) holds it more accurate to consider mean pressure as tlie sum or 
the diastolic figure and one-half the difference between the systolic and diastolic 
pressures. 
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registatiou «t an opttanm Icvol o£ pi-esaurc ol Ihc 
in intravascular pressure exlaut between two successive beats. Accoi 
ing to Vaquez. this figure of tlie optimal level of blood pressure con- 
fnsingly named “pression raoyenne” (mean pmsnvc) m an -"'P®'''', ‘ 
index for studying vascular dynamics m liealtli and disease. 1 
Freueh Avorkers look upon it as a constant eoefficient lieanng no relation 


to the arithmetical mean pressure. 

The purpose of our iuA-esti gallon Avas lAvofold: first, to note the oecui- 
rence of this phase of maximal oscillation during the cycle of pulse 
pressure changes, more especially placing it in its relation to diastolic, 
systolic, or mean pressure: second, to repeat the clinical application of 
oscillometric determinations, as carried out by Vaquez, in order to dotci- 
mine its clinical A'alue. AYe used a Pachon apparat us, modified bj’ Galla- 
vardin to have tAVo armlet cuffs and a simple mechanical device for 
releasing pressure in the armlet. 

To clarify the discussion, aa'c present Fig. 1 as a typical oscillometric 
record. AYith this as a basis aa'c shall attempt, to interpret tlic blood 
pressure excursions, correlating them AA'ith the dynamics of circulation. 


PHYSIOLOGICAIi COXSIDERATIONS 


Fig. 1 exliibits vertical marking's for the number of centimeters 
through Avhich the Pachon oscillometer indicator moved at various 
leA^els of millimeter of mercury pres.sure, the latter being marked off 
on the horizontal base line. A superimposed upper cur\’e represents 
a diagram of a usual radial pulse pressure grapli and is seen to have 
its sj^stolic point at 120 mm. of mercury, and its diastolic point at. GO mm. 
of mercury. A loAver graph demomstrates that maximum oscillations 
took place at a level of SO mm. of mercury. 

The maximal oscillometric phase (MOP) is therefore SO.® If noAv 
we begin with the external pressure in the armlet cull pumped up to 
170 mm. of mercury, a level Avell above the .systolic prc.ssure in the 
brachial artery, it will be noted that no oscillations come through. 
This IS so because the brachial vessel is completely obliterated and no 
pulsations are transmitted through its walls. At 150 mm. of increury 
however, the A^essel has opened very slightly and tlic AA'all lias bemin 
to set up vibrations so that some oscillations are observed. Tlie veiel 
continues to open, and its lumen now changes quite suddenly from a 
very narrow slit to a half closed shape. This abrupt transformation 
m contour IS recorded as the systolic pressure, first, as a graphic aimlc 
and second, by the appearance of a sound over the vessel At this 
point or level of systolic pressure the external and intm^l svsto 
ave coantevbalaaeed. Tbe arterial wall, in M " 
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or flattened state of its lumen, continues to set up oscillations until a 
maximal phase, often a jDoint, is reached, whereupon oscillations begin 
to diminish. Throughout this entire phase, it is important to realize 
that the lumen is half closed. With the continued drop in external 
compression, a point is reached whei'e the ve.ssel again undergoes an 
abrupt change, this time from a half closed to its full round circular 
shape. We have now reached the level of the disappearance of the 
systolic sound (diastolic pressure), and an angle is again registered 



Fig. 1 . — Aj Cross-sections to show contour of brachial arterj' at various levels ol 
mm. Hg- pressure. Diagram of a radial artery pulse pressure graph. C, Graph of 
oscillometric e.vciirsions at various levels of mm. Hg pressure. 

graphicalljL As external compression goes on falling, the vessel is 
seen to expand in its circular shape by its own diastolic pressure, and 
oscillations diminish and finally cease. 

These lumen changes illustrated diagrammatieally in Fig. 1 iiaA'e ac- 
tually been observed, and in the order and phases mentioned, by MacWil- 
liam and Melvin,^® who claim that the phase or point of maximal oscilla- 
tions does not correspond to the level of diastolic pressure. They be- 
lieve that maximal oscillations take place at an optimal moment during 
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The reeoonitiou that the disa,.]>cavance ol! the systolic 
the level of diastolic pressure was known to Ivorolkoft’'- hut i ac j i«'ni 
and Melvin definitely connected this anddory chan-e with the ab npt 
visible transition in the contour of an arterial segment as seen h} tlumi 
through the transparent walls of an artificial compression chain mr 
Although accepting and fully agreeing with auscultatory prool ol the 
occurrence of diastolic pi’CBsure, Flack. Hill, and i\rcQuoen'" raisei 
strong objections to the interpretations of the experiments of llaeAN it- 
liam and Melvin pertaining to the changes in the lumen where maxnna! 
oscillations arc concerned. They urged that no account was taken of the 
role played by the vascular tissues and channels surrounding the bra- 
chial artery, for example, in maintaining and upholding diastolic 
pressure, and that the artificial model of i\racAVilliam and Melvin rep- 
resented conditions observed only wlicn a blood vessel is isolated under 
laboratory conditions or compressed against a fiat hard surface, as bone. 
To overcome the.sc objections, Flack. Hill and i^rcQueen”' constiuicted 
two compression chambers, one containing the blood vessel segment sub- 
jected to external pressures, the other designed to represent the I’esist- 
ance of the vascular tissues and venous pre.ssure as they exist in vivo. 
AA^th these chambers connected as one .sy.stem they led a constantly in- 
creasing pressure into the venous channels. In a similar way they 
distended the artery segment with .systolic ]iressure. They now ob- 
served in the lattei’ a nromeut when the arterial wall could be fiat toned 
by external compi'e-ssion around the ve.ssel, and this reading corresi)ond- 
cd to the internal diastolic pressure in the artery. In other words, at 
diastolic pressure the artery was eompre.ssible, began to fiatten slightly 
and to register ]ndsatious which were maximal. 

In the light of this apparent contradiction in interpretation concern- 
ing the relationship oj diastolic pressure and maximal oscillations, we 
may say (1) that both groups of investigatoj-s are agi-eed upon the point 
designated as diastolic pressure according to the an.scultatorv method 
md (2) that a study of our records of oscillomctric dctmiih.afious in' 
214 patients reveals tl.at in Imman heiiigs ivliere no eriticisui can he 
evelcd at the natnral forces ivliich cause and support diastolic pressure 
J observed maximal oscillations not at the level of the disappearance 

level.* >>«t. as a rule, well above this 


.n'*-* “V'sinwi souwU,„c,s w,,,. „ 

Iwepn oscillations is often .seen fo ’"f oiercviry. Tai's 

tween the systolic and diastolic lioures Tn i PiU'Ucular nolnt he 

sti-ation, diastolic pressure is takeli as Kni hio^re^ 
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CLINICAL OBSERVATIONS 

We studied 214 eases. Manj’- patients were tested several times, and 
frequently tlie same patient -was tested by different observers. With 
comparatively few discrepancies to be noted in the tables and text below 
and excepting the group of cases with max’ked myocardial damage on 
the basis of coronaiy artery disease, our observations in general are in 
accord with those of the '^^aquez school. The exceptions are important, 
however, and will be discussed later. 

Normal Gases . — We tested 56 normal jiatients, most of whom were 
young nurses or doctors. Tiventy-sex’^en patients ranged between eight- 
een and twenty-seven years of age; their MOP readings were either 80 
or 90, occasionally 70 or 100; 8 patients ranged in age between thirty 
and thirty-eight yeai’s with MOP readings between 80 and 90; 3 pa- 
tients, forty-one to forty-five 3 mars, had MOP figures of SO to 90; 3 pa- 
tients, ages fifty, fifty-one, fifty-three years respeetiveljq had MOP 


Table I 


Miscellaneous (No Hypertension) 


NO. 

SEX 

AGE 

MOP 

[ SYSTOLIC 



E6 

M 

60 

80 


75 

Prostatic enlargement. 

E7 

F 

75 

100 


90 

Atherosclerosis. 

ElO 

M 

35 

100 


95 

Lead poisoning. 

Ell 

F 

52 

90 


62 

Anemia, parasites (intestinal). 

E12 

F 

38 

110 

112 

72 

Cholecystitis. 

E13 

F 

61 

100 

155 

90 

Eetroperitoneal neoplasm. 

E14 

F 

17 

80 

108 

90 

Ulcerative colitis. 

E15 

F 

33 

no 

130 

90 

Duodenal ulcer. 

E16 

F 

51 

100 

135 

80 

Cholecystitis, postoperative. 

E17 

F 

59 

90 

124 

68 

Diabetes mellitus. 

ES 

M 

53 

100 

130 

90 

Varicose veins. 

E26 

F 

58 

100 

182 

82 

Emphysema. 

B53 

F 

13 

80 

92 

44 

Diabetes mellitus. 

3 

F 

72 

no 

112 

58 

Cachexia, arteriosclerosis. 

6 

F 

60 

100 

128 

60 i 

Secondary anemia. 

S 

F 1 

51 i 

no 

136 

84 

Diabetes mellitus, hepatomegaly. 

17 

F i 

42 

90 

140 

80 

Decompensated liver cirrhosis. 

18 

F 

42 

80 

106 

64 

Decompensated liver cirrhosis. 

26 

F 1 

21 

90 

90 

58 

Ulcerative colitis. 

27 

F 

33 

90 

70 

50 

Ulcerative colitis. 

123 

F 

67 

80 

124 

64 

Cystitis. 

127 

M 

38 

80 

105 

85 

Bleeding duodenal ulcer. 

129 

F 

43 

no 

124 

84 

Scleroderma. 

7 

M 

65 

80 

138 

84 . 

Cholelithiasis (?) or coronary artery 
disease (?). 

15 ■ 

F 

59 

80 

no 

70 

Cystitis, arthritis, coronary artery 
disease (?). 

E65 

]\I 

22 

120 

92 

62 

1 Ulcerative colitis. 

4 

]sr 


80 

106 

70 

Congenital heart disease. 

25 

F 

29 

120 

80 

56 

Patent ductus arteriosus, subacute 
bacterial endocarditis. 

E9 

M 

31 

100 

150 

82 

Normal. 

E2 

F 

58 

100 

150 

90 

Clinical angina pectoris. 
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HcKpiraiainj Condilmi.s. —There mtit 2(5 (liiscs in nil (Tnl^e II). In 
is tlio irOP was normal but in 4 case.s Avitli associatocl bypcrtciisioii 
the I\rOP was definitely elevated. In llie nmiainin^; 4 cases the 
MOP was moderately elevated, 110 to 120. Analyzing the.se last 4 
eases, avc find that Case 28 with an i\IOP of 110 had had an antecedent 
hypertension. Case 109, with an !MOP of 110, had suggestive clinical 
and electroeardiograi)hie evidences of a recent coronary occlusion with 
a fall in blood ]ire.ssin-c; yet the IMOP i-emained at 110. The increased 
ilOP in Cases 1 and 2 is difficult to exjdain. It varied on several difi'er- 
ent readings, only one being high in Ca.se 1, while in Case 2 duplicate 
readings with slightly increased values wore secured. Cases 1 and 2 
received large (luantities of adrenalin and ephedrine for some time, but 
we have no evidence that thc.se drugs had any effect in altering the 
MOP readings. 

Chronic Tihcnmaiic Cardiovaacular Disease . — Of 34 patients (Table 
III) in this group with one or more attacks of ilieumatic activity, and 
with frank congestive failure at some time in the greatest number, only 
4 had had hypertension (Ca.scs oo, oT, (51, 74) and these 4 showed high 
MOP figures, i. e., from 120 to 170. 

Table TIT also includes 20 in.stanees of aortic insufficiency combined 
with mitral di.seaso. In 2 of the.se (Ca.scs 11(54 and 102) the MOP read- 
ings were slightly elevated despite the absence of hypertension. Sub- 
sequent o.seillometric readings in T?(54 were always less than 100, although 
the original i-eadiug was 130, while in Case 102 the MOP remained at 
110. We cannot e.xplain thi.s. In the remaining IS patients, despite 
the greater augmented pulse jiressure, the diastolic pressure sometimes 
being at zero,* the i\IOP readings ranged between SO and 90, oc- 
casionally reaching 70 or 60. Tliis observation, previously reported by 
the Vaquez school, sugge.sts that the JIOP remains practically normal 
despite changes in pulse i)ressure and that the IMOP and pulse pressure 
figures therefore cannot be identical. 

A point of special interest in this connection is the comparison of the 
graphic, oscillometrie, and the auscultatoiy methods for ascertaining 
diastolic pressure particularly in aortic insufficiency. With the ausculta- 
tory method, diastolic pressure is read at a low level, sometimes at the 
zero level of mercury. (ObA'iously diastolic pressure cannot he so low 
and support life.) AVith the oscillometrie method, on the other hand, 
diastolic pressure is registered graphically as a terminal angle at a 
higher level (Fig. 1). This difference between the two methods sug- 
gests that the auscultatory method is misleading and that the systolic 

®A further point of pliysiologric.'il anti practical intere.st in connection ^^1th Uie 
mechanism of low diastolic pressure in aortic insufficiency relates to the explanation 
offered that the fall in diastolic pressure is due to regrurg-itant blood via the aortic 
orifice. This explanation is not entirely tenable because, as is well known, in cases ol 
congenital ductus botalli with a small conmiunicating- opening- where the escai^ ot 
blood volume is small or negligible, diastolic pressure is liable to be quite low. Here 
as well as in aortic insufficiency, a lo.ss of intravascular "head pressure may be a 
responsible factor. 
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had h 5 T)ertension despite the presence of azotemia for several years; 
the other (82) had a very labile blood pressure, though at times a 
definite diastolic hj^pertension was present. There are also included in 
this group three cases with malignant nephrosclerosis who disclosed 
MOP figures of 160 to 180. 

Coronary Artery Disease With Myocardial Damage . — This gi’oup of 


Table IV 

Hypertensive Cardiovascular Disease 


NO. 

SEX 


1 

MOP 

sys- 

tolic 

DIAS- 

TOLIC 


E 

F 

26 

^ 150 

180 

120 


E29 

F 

41 

130 

160 

120 


E33 

F 

48 

120 

180 

110 


E55 

M 

50 

160 

240 

140 

Priedr jell’s ataxia? 

53 

M 

38 

160 

140 

130 

Chronic rheumatic cardiovascular dis- 







ease, mitral lesion. 

98 



170 

230 

110 


54 

F 

36 

120 

180 

100 

Pluriglandular dyscrasia, diabetes 







mellitus, bronchitis, bronchiectasis. 

57 

M 

53 

120-130 

128 

72 

Chronic rheumatic cardiovascular dis- 







ease, myocardial damage. 

58 

F 

62 

180 

280 

100 

Auricular fibrillation with regular 




1 



ventricular rate. 

60 

M 

49 

140 

160 

100 

Graves’ disease — ^forme fruste. 




120 

162 

92 


67 

F 

68 

130 

150 

75 

Diabetes mellitus. 

84 

F 

60 

130 

190 

105 


86 

F 

42 

120 

130 

90 

Chronic pulmonary tuberculosis with 







antecedent hj'pertensionl 

88 

M 

47 


190 

120 


103 

I M 

48 


170 

100 

Luetic aortitis. 

E54 

M 

60 


110 

80 

Lues, antecedent hypertension. 

E20 

M 

64 


178 

118 


E21 

F 

80 

115 

160 

88 


E23 

M 

63 

160 

230 

120 


E24 

M 

65 1 

150 

210 

110 


E39 

F 

66 

120 

160 

90 


E63 

M 

55 

130 

110 

80 


68 ' 

F 

58 

170 

246 

94 


70 

F 

65 

115 

200 

86 

Diabetes mellitus. 

71 

D 

62 

120 

230 

110 


72 

F 

73 

145 

220 

110 

Arthritis, auricular fibrillation with 







regular ventricular rate. 

80 

M 

59 

140 

188 

116 


104 

M 

68 1 

170 

196 

80 


85 

M 

33 

160 

190 

110 

Chronic pulmonary tuberculosis. 

112 

F 

50 

130 

200 

95 

Bronchial asthma. 

114 

F 

41 

150 

170 

120 

Bronchial asthma. 

115 

M 

63 

200 

220 

130 

Bronchial asthma. 

130 

F 

64 

130 

145 

90 

Lymphatic leucemia. 

E5 

F 

59 

160 

160 

96 


52 

M 

49 

110 

98 

78 






145 

110 


77 

M 

84 

120 

150 

48 

Prostatie enlargement. 

103 

M 

48 

130 

170 

100 

Luetic aortitis. 
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TaH^K 1 V~COXTIKl’KI) 
AnvANCKi) Kknad Diskapi: 


NO. SEX AGE MOP 


SYS- 

roiJC 


02 


Cliroiiii', fjlotiiprulnr ncj)liri(ifi, tirciiiic. 
Chronic gloinonilnr ncphritiH, nrcniio. 
Clironic gloincriil/ir nopiiriti.v, iironiio. 
Clironic clonienil.'ir iicpliritis, uremic. 
Ciironic j;Iomcriihir nophriti.*.', uri'iiiic. 
Chronic plonicriil/ir jK'])hri(i,«, ue- 
plirotic ]>1\n‘!c. 

Chronic frlonicnilnr 
plirolic pli/isc. 

Chronic ploincrnlnr 
phrotic phfiKc. 

CJirmiic (rlomcrulnr 
phri>lii; p)i;i<ie. 

Oironic {.'loinonilrir 
plirotic p?i;i.<.c, 

Mnlifrnnnt sclerosis, 

Mniignnnt sclerosis, 

Mnlipnnnt .sclerosis. 



iu>- 


> 11 - 


lie- 


'' ^'OP 

eoronaiy arteiy occlusion. ' " I'c™ a recent 

4 eases (12, 49. 13. 10) had no™aUro?rLl„t'‘'of '.l 
m 3 instances (12, 13, 10) congestive failn .r \ group, 

of the oscillomelrie determination ' Pi'csent at the time 

Coronary Artery Disease With Knomv c 
hypertension (8 cascs).-In 2 insHneeT r ? Suspected Antecedent 
tension (137, 66) the MOP >-onrr ^ «»<«ccdent livpor- 

Boao£thes;pafel;\“® ■''■'-I HO respectivX, 

(78, 65, 5, 50, ECS, 51 ) j„ ,,,j j , “ ‘‘'’c fnilui'o. The remaining cases 

^spected showed an elevation of U.e MOP s Sll'OUglv 

V r; ~:*r r .ss ;• 
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liypertension in tlie presence of normal or elevated MOP readings. These 
findings indicate that the maximal oscillometric phase hears no constant 
relationship to congestive failure. 


Table V 

COROKARV ArTERA' DISEASE WlTH MYOCARDIAL DaJIAGE 


xo. 

SEX 1 

1 

AGE 1 

1 

MOP 

SYSTOLIC 

DIAS- 

TOLIC 

HAWER- 

TENSION 


E3 

M 

' 45 

90 

142 

78 

0 


E4 

M 

54 

80 

115 

70 

0 

Very recent coronary occlusion. 

E19 

r 

1 60 

100 

144 

98 

0 

E68 

M 

42 

80 

120 

80 

0 


14 

M 

71 

80 

120 

70 

0 

Congestive failure. 

19 

F 

70 

! 90 

140 

75 

0 

Diabetes niellitus. 

56 

F 

64 

110 

130 

90 

0 

Hemiplegia. 

10 

M 

68 

90 

150 

60 

-f 

Stokes-Adains syndrome, an- 
tecedent liypertension. 

49 

F 

46 

100 

168-120 

100-70 

4 

Diabetes mellitus, hemiplegia. 

12 

F 

52 

100 

158- 94 

110-60 

4- 

Bundle-branch block. 

78 

M 

56 

110 

148-110 

100-80 

+ 


81 

1 

61 

130 

170-110 

108-65 

4- 

Bronchiectasis, polycythemia. 

13 


57 

100 

160-108 

100-66 

4- 

Diabetes mellitus. 

E48 

‘ F 

59 

160 

210-150 

98-68 

+ 


E58 

F 

58 

180 

204-158 

110-86 

-1 


EGO 

U 

55 

130 

210 

160 

•f 


E59 

U 

65 1 

140 , 

190 

80 

■f 


64 

M 

56 ) 

140 

160 

96 

-f 

Bronchial asthma. 

69 

F 

54 i 

160 

190-114 

104-70 

+ 

1 Bundle-branch block. 

73 1 

F 

45 

150 

190 

100 

i + 


75 ! 

F 

58 

130 

160- 70 

102-45 

+ 


76 

F 

48 

190 

260 

140 

-j- 

Diabetes mellitus. 

79 

M 

1 45 

150 

170 

120 

-f 

Bundle-branch block. 

57 ' 


53 

135 

164-120 

120-58 

■f 

Chronic rheumatic cardiovascu- 
lar disease. 

68 

F 

58 

1 170 

246 

64 

4- 


137 1 

M 

48 

130 

120- 86 

90-64 

Antecedent 

Ventricular aneurj'sm. 

66 

1 


64 

110 

114- SO 

, 85-50 

Antecedent 

Auricular fibrillation with 
regular ventricular rate. 

78 ! 

il 

56 

115-120 

138 

85 

Suspected 

Arteriolarrenal disease. 

55 

M 

66 

120-130 

140-134 

80-78 

Suspected 


5 

F 

63 

100 

162 

70 

Suspected 

Arborization block. 

E69 

M 1 

57 

100-110 

138-112 

78-88 

Suspected 


51 


59 

no 

138 

78 

Suspected 

Diabetes mellitus. 

50 

M ; 

i 

57 

100-130 

1 

128- SO 

92-64 

Suspected 



.SUIUAIARV 

Oscillometric studies carried out on 214 patients revealed that the 
maximal oscillometric ])hase (the A'isual registration at an optimum 
level of the largest fluctuations in intravascular pressure between tAVO 
sueeessiA^e beats) did not occur at the point of disappearance of the 
systolic tone (the diastolic pre.ssure). The maximal oscillometric 
phase (j\rOP’) was normal (SO-lOO) in a group of normal cases as Avell 
as in practically all the ease.s in tlie mi.scellaneous and respiratory group.s. 
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The MOP readings were definitely elevated in hypertensive cardio- 
vascular disease. _ , -i -irn-p 

In the instances of chronic rheumatic cardiovalvular disease, the i\iUi 

readings were ivithin normal limits, except when associated with hyper- 
tension. In the subgroup with aortic insufficiency the MOP readings 
remained practically normal despite the low diastolic j^ressure. 

In 33 eases of coronary artery disease with myocardial infarctions, 
7 had normal MOP readings and had no hypertension. Among IS in- 
stances with persistent hypertension the ilOP readings were elevated 
in 14. In the remaining 8 eases, 2 had definite antecedent hypertension, 
and in 6 the clinical findings were very suggestive of antecedent hjTier- 
tension. All 8 eases had elevated MOP readings. 

Congestive failure appeared to have no constant relationship to the 
maximal oscillometric phase. 
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THE COMBINED EFFECT OF EPTIEDRINE AND ATEOPINE 
ON COMPLETE HEAET-BLOOK''= 


S. N. Cheer, ]\r.D., C. L. Tung, M.D., and C. W. Bien, M.D., 

Peiping, China 

'T^HE use of ephedrine in comjolete heart-block was first reported by 
Miller® (1925) in a ease of eoinplcte aurieuloventricular dissoeia- 
tion with no history of Adanis-Stokes’ attaeks. A moderate rise of blood 
pressure, an inerease of aurieular and ventrieular rate, and a ehange in 
the shape of P-waves and ventrieular eomplexes of the eleetroeardiogi’am 
were noted folloiving the administration hjqDodermieally of 100 mg. of 
ephedrine. SteeheF® (1928) reported favorably the cmplojunent of 
ephedrine in a ease of eomplete heart-block with sjnicope and convul- 
sions due to ventrieular standstill. Ephedrine was administered after 
barium chloride had failed to give eomplete relief. It was given by 
mouth in doses of 30 mg. three times a day for one week, followed by 20 
mg. three times a day for two weeks. There was a complete absence of 
attaeks during ephedrine therapy. The successful result in Stecher’s 
case suggested a further study of the action of ephedrine in the presence 
of eomplete heart-block. 

Two cases of complete heart-block without Adams-Stokes’ s 3 mdrome 
were available for the studj*- of the reaction to ephedrine and other 
drugs that are Imown to be beneficial in this condition. Studies on 
drugs other than ephedrine will be repoi’ted separately. The observa- 
tions were made under controlled conditions. The patients were kept 
quiet in bed and undisturbed. Electrocardiograms were taken before 
and at frequent intervals after the administration bj’^ mouth of ephe- 
drine. Blood pressure readings were made at frequent intervals and 
usually before the electrocardiograms, from which both auricular and 
ventricular rates were obtained. 

Patient J. T. (Case 1) after 60 mg. of ephedrine in half an hour’s time 
showed a rise of blood pressure from 138/54 to 142/64 mm. Hg, but 
practically no increase of ventricular rate which remained 40 to 41 per 
minute, although there was a decrease of auricular rate from 91 to 75 
per minute (Table I). This slomng of aui'icular rate was due either to 
depressor nerve reflex effect from elevated blood pressure or to the 
stimulating effect of ephedrine on the parasympathetic nerve endings. 
There was no ehange in the ventricular complexes. Complete heart- 
block persisted and the difference between the P-P intervals associated 
with and those without ventricular contractions remained the same. 

*From the Department of Medicine, Peiping Union Medical Coliege, Peiping, China. 
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When a larger dose (120 mg.) of ephedrine was administered, there 
was a further increase in the blood pressure but mainly in the systolic 
level, from 106/52 mm. Hg before ephedrine to 168/64 mm. forty min- 


Table I 

Case 1. Effect of a Small Dose of Ephedrine on Cojiplete Heart-Block. The 
Patient Becewed 1.6 Gm. of Digitalis Aug. 17 and IS, After That No More 
Digitalis Nob Any Other Drugs, Aug. 25 Ephedrine, 30 Mg. by 
Mouth at 3:20 and 3:50 p.m. 


time 

R-R; 

SEC. 

p-p 

WITH 

QRS, 

SEC. 

p-p 

WITHOUT 

QRS, 

SEC. 

p-p 

AVERAGE 

SEC. 

VENT. 

RATE 

PER 

MIN. 

AUR. 

RATE 

PER 

MIN. 

RATIO 

\T3NT. : 

AUR. 

RATE 

B. P. 

JIM. HG 

REMARKS 

3:18 

3:20 

3:30 

3:40 

3:48 

3:50 

3:55 

4:05 

4:10 

4:15 

4:25 

4:35 

1.500 

1.470 

1.480 

1.460 

1.470 

1.445 

1.460 

1.450 

1.440 

1.510 

0.56 

0.62 

0.68 

0.84 

0.72 

0.71 

0.76 

0.70 

0.72 

0,76 

0.66 

0.64 

0.76 

0.88 

0.76 

0.73 

0.80 

0.80 

0.80 

0.84 

0.61 

0.63 

0.72 

0.86 

0.74 

0.72 

0.78 

0.75 

0.76 

0.80 

40 

40 . 
40 

40 

40 

41 

41 

41 

41 

40 

98 

95 

S3 

70 

81 

83 

77 

80 

79 

75 

1:246 

1:230 

1:205 

1:175 

1:198 

1:202 

1:187 

1:192 

1:189 

1:189 

138/54 

138/54 

138/58 

140/64 

142/60 

140/60 

140/60 

140/56 

140/60 

142/64 

Before ephedrine. 
Ephedrine 30 mg. 

Ephedrine 30 mg. 

Complete block 
persists. 

No change of ven- 
tricular complex 
throughout the 
observation. 


Case 1, 


^ncf. 27 Ephedrine^ CO^S S Sth 


TIME 

R-R 

SEC. 

P-P 

SEC. 

VENT. 
PER A 

9:30 

1.450 

0.750 

41 

10:00 



10:10 

1.520 

0.800 

39 

10:20 

1.540 

0.790 

39 

10:30 

1.490 

0.710 

40 

10:50 

1.370 

0.745 

43 

10:55 



11:00 

1.340 

0.640 

45 

11:15 

1.340 

0.640 

45 

11 :25 

0.900 

0.640 

67 

11:35 

0.850 

0.680 

70 

11 :45 

0.840 

0.600 

71 

12:00 

0.870 

0.620 

69 

12:15 

0.890 

0.640 

68 

12:40 

1.150 

0.600 

52 


AUR. RATE 
PER MIN. 


81 

73 

76 

84 

81 

94 


94 

94 

91 

100 

97 


94 

100 


B. p. 

MM. HG 


106/52 

106/50 

116/46 

136/58 

154/58 

160/60 


160/66 

156/56 

168/58 

168/62 

168/62 


168/64 

130/50 


bem.arks 


Before ephedrine. Fig 
Epliedrine 60 mg. 


1 . 


Fig. 2. 

Ephedrine 60 mg. 

Ft. and left vent, extrasyst 
Aberrant vent, complexes' 
occas. normal tj-pe. ^ ' 

Fig. 3. 

Ex-trasyst. fewer. 

Coupled rhythm, vent, extra 

Jioimal form of vent, complex. 

Of ^ventriVn ® ^'^'^ppearance 
abeJSt and 

plexes com- 
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iites after the in‘'-estion of tlie drug. Tliere Avas also an increase of 
ventrienlar rate from 41 to 68 and of auricular rate from 81 to 100 per 
minute (Table II). A marked change in Ihc ventricular rhythm and 



Fig. 1. — Case 1. See Table H. Klectrocardiograin taken .-Aug. 2T at P :n0, before 
epliedrine. Ventricular comnieses in l-eaos I and III are of aberrant type witli S, 
tending to be deep. F-R intervals fairl.v regular, e.specialiy in Lead Hi) sinnilating 
t\vo-to-one block. 



Fig-. 2.— Ca.se 2. See Table II. Aug. 27 at 10:50, fifty minutes after fiO mg. of 
ephedrine. Note tbe varied ventricular complexe.s extending to the form of complete 
bundle-branch block with intermediate types. The ventricular rhythm has become ir- 
regular and shows coupling due to right and left ventricular extrasystoles. 

complexes ivas noted. The idioventricular rh.Adhm became coupled or 
totally irregular, due to the presence of extras.ystoles. The A'Cntrieular 
complexes of the idioventricular rhythm have the form of partial left 
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bundle-braneh block. Tlie extrasystoles occur at regular or 

intervals, either alone or t,vo or three together m sueeesston Ti en 

curves vaiy greatly, showing the forms of partial or complete bundle- 
braiicli block, possibly indicating the lu-esenee of several foci of origan. 
Possibly they represent reentrant excitations. (Figs. .1 to 4.) lu this 
patient the cardiovascular reaction to ephedrine was almost like tliat to 
epinephrine in regard to the fact that increase in the dosage of ephe- 
drine resulted in a further increase of blood pressure ; also in the fact 
that large doses of ephedrine caused a change in the ventricular com- 
plexes and appearance of many extrasj’stoles, wliich is the usual obsei- 



nna left ventricular extrasystoles occurUnTsin^^^^^ numerous ri^ht 


vatiou after an effective dose of epinephrine, in the normal heart as tve 
as in complete heart-block. ■ 

Patient C K. T. (Case 2) did not show any marked pressor effe. 

sftTs iTa"- ™ 

in. and aTitrlat „7v 95 * 

(from UO 5 to USA )•’ ■" diastolic pressure 

-- - 0, ephed 2 !' 1^“ r. 
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erecTse in ventrieular or aurieular rate, but the same increase of 5 mm. 
Hg in systolic and diastolic pressures. 

A marked variation in the pressor response to epliedrine sucli as seen 
in these two cases of complete heart-block is not an uncommon occur- 
rence in individuals with normal heai'ts (Miller,® 1925, Eowntree and 



Pig. 4. — Case 2. See Table II. Aug. 27 at 12:40, in sitting position, one hour 
forty-five minutes after ephedrine, 120 mg. Note the disappearance of ventricular 
extrasystoles after slight exertion from lying to sitting position. Normal form ot 
QRS no longer seen. The curves suggest left bundle-branch block. 

Broira,® 1926, etc.) and is more frequently encountered in asthmatic 
patients (Thomas,"^ 1926, Chen,^ 1927, etc.). The explanation for the 
variation perhaps involves factors which are also responsible for most, 
if not all, of the differences in the effect upon cardiac rate. • We found, 
however, no correlation between the rise of blood pressure and the in- 
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crease of auricular or ventricular rate in our cases. In Case 2 (Table 
III) after 90 mg. of epliedrine, the increase of auricular rate was out 
of iiroportion to the increase of blood pressure, while in Case 1 (Table 
I) after 60 mg., the rise of blood pressure was greater than the increase 
of auricular or ventricular rate. Kreitmair® (1927) explained the dif- 


Table III 


Case 2. Effect of a Sjiall Dose of Ephedrine on Complete Heart-Block 
Sept. 14 Ephedrine 30 Mg. by Mouth at 9;12, 9:34, and 9:54 a.m. ’ 


TIME 

R-R 

SEC. 

p-p 

SEC. 

VENT. RATE 
PER MIN. 

AUR. RATE 

PER MIN. 

B. P. 

MM. HG 

REMARKS 

9:10 

9:12 

9:22 

9:32 

9:34 

9:42 

9:52 

9:54 

10:02 

10:12 

10:22 

10:32 

10:52 

1.630 

1.640 

1.650 

1.650 

1.620 

1.575 

1.565 

1.530 

1..515 

1.505 

0.630 

0.620 

0.620 

0.620 

0.590 

0.570 

0.550 

0.550 

0.540 

0.610 

37 

37 

36 

36 

37 

38 

38 

39 

39 

40 

95 

97 

97 

97 

98 

105 

no 

no 

111 

98 

110/65 

110/65 

110/65 

115/70 

115/70 

115/70 

115/70 

115/70 

115/70 

110/70 

Before ephedrine. 

Ephedrine 30 mg. 

Ephedrine 30 mg. 

Ephedrine 30 mg. 

Complete block persisted. 

No change of ventricular com- 
plex througliout the observa- 
tion. 


JLV 



10:28 

10:30 

10:40 

10:48 

10:50 

11:00 

11:10 

11:20 

11:30 

11:50 

12:00 

12:10 


1.580 

1.590 

1.600 

1.580 

1.575 

1.570 

1.580 


0.755 

0.720 

0.750 

0.740 

0.760 

0.760 

0.770 


38 

38 

37 

38 
38 
38 
38 


80 

83 

80 

81 

79 

79 

78 


110/70 

110/70 

110/75 

115/21 

115/75 

115/75 

115/75 

115/75 

115/75 


Before epliedrine. 

Ephedrine 90 nig. 

Ephedrine 60 mg. 

Complete block persisted. 
p]e?°^® ventricular com- 


»I»te the syapathetie .lerve endings wh™ I "" epWrine stim- 

Paiasjanpathetic epdings. ' ’ '"8'= doses stimulate the 

Chen and Schmidt* (Meat f„ , . 

Pi-ess the heart T,. ^ ^ ^ lai’ge dose^ nf . i n • 

r: :: - 

pressor response and in Case 2 
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practically none. The aelnal do-se may have been still “small” for 
Case 1, althong-h it was “large” for Case 2, .so that the ab.sence of any 
appreciable pressor effect in Case 2 may be the result of depression of 
the heart. Another possible explanation involves limitation of the 
number of “receptors” in Case 2. a theory advanced by Clien and Meek-" 
(1926). In animal experiments the depressant action of ephedrine on 
the heart is not antagonized by atropine according to Kreilmair'’' 
(1920 and Fujii" (1925). Chen and Meek- (1926) found vagotomy or 



Fig. 5. — Combined effect of epliedrine and atropine one a ca.se of complete heart-block. 

atropinization did not affect the rise of blood jiressure in dogs. On the 
other hand Mehes and Kokas" (1929) believed that the depressant ef- 
fect was partlj^ removed b}^ atropine. 

To test the validity of these hypotheses in the clinical case, atropine 
was given in Case 2 after the patient had received ephedrine. The re- 
sults are shoAvn in Fig. 5 and Table V. 

With regard to the j^ressor effect the results were as follows. Half 
an hour after the patient had received 150 mg. of ephedrine by mouth, 
he was given hypodermically 0.9 mg. of atroi^ine. Two minutes after 
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tlie atropine there ivas a sudden rise of blood pressure from 115/80 to 
150/100 mm. Hg. Tliis elevation of blood pressure reached its maximum 
(160/100) in twenty minutes. The diastolic pressure began to fall before 
the systolic pressure. It drojDped to 95 and 70 mm. Hg at thirty and sev- 
enty minutes respectively after atropine. The pressure returned to its 
original levels (110/ /O) only at the end of one hour and forty minutes, 
Avhen the auricular rate was still increased. The elevation of blood 
pressure occurred before the increase of auricular or ATiitricular rate 
and Avas rather sudden. The fall was also someivliat abrupt and the 


Case Atropine on Complete Heart-Block, 

hphedrine 90 Mg. ha Mouth at 9:10 a.m. and 60 Mg. at 9:32 a.m 
-'Atropine 0.9 Mg. Hypodermically at 10:02 a.m. ’’ 


P-P VENT. RATE AUR. RATE 
SEC. PER MIN. PER MIN. 


B. P. 
MM. HG 


REMARKS 


9:08 

9:10 

9:20 

9:30 

9:32 

9:40 

9:50 

10:00 

10:02 

10:05 

10:10 

10:20 

10:30 

10:45 

11:10 

11:45 


110/70 

105/70 

110/70 

110/75 

115/80 

115/80 


! 150/100 
155/100 
160/100 
160/95 
160/95 
120/70 
110/70 


Before epliedrine. 
Bpliedrine 90 nig. 


Epliedrine 60 nisr, 

o 


Atropine 0.9 nig. hypodermi 
cally. 

Complete block persisted. 

A 0 change of ventricular com- 
plex. Ho extrasystoles. 


Xw.'./k!::. ' pmlucad by 

pressor effect of epliedrine, but shorten." th intensify the 

action of atropine and epliedrine is not « , * t|™eon. This combined 
"Old. It suggests that atropine ncutrar"''^f t''® 

"■ neh resnlts either from tlm individnair' ! effect 

action of ephedrine on p™ ”■ Oie stim„. 
n-essor effect after tlicrapeutic doses .f H the lack of 
l”>>'todq.,anfit.v„f..rcceptors” „rt„ , «>'® oiHier to a 

angge,sted by Chen, then atropine most of ephedrine as 

in sensitivity, these “receptors” or it ,n mnonnt at least 

op tedrmo on the human heart. ° ''®Pt'essant action 

after atropine (nUen the 
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auricular rate was 60 per minute), while the ventricular rate remained 
constant According to Chen and Schmidt (1924) and Chen and Meek 
(1926) after therapeutic doses of ephedrine pulse rate is usually slowed, 
occasionally accelerated. They explained the bradycardia as a reflex 
effect of the rise of blood pressure. In complete heart-block the vagus 
usually exerts little or no influence on the idioventricular rhjdhm but 
retains its control of the auricles ; Avhile the Amntrieles are under the in- 
fluence of the sympathetic nerves. The primary slowing of auricular 
rate after ephedrine with practically no elevation of blood pressure in 
this patient would appear to be due to stimulation of the parasympa- 
thetic nerves rather than to a depressor reflex effect. The ventricles are 
not affected, because they are not under the influence of the vagus. 
About ten minutes after atropine there was a marked rise of blood 
pressure and a further slowing of the auricular rate (from 69 to 60 per 


Table VI 

Case 2. Effect of Atropine on Complete Heart-Block, Atropine 2 Mg, 
Hypodermically at 9:1o a.m. 


TIME 

R-R 

SEC. 

p-p 

SEC. 

VENT. RATE 
PER MIN. 

AUR. RATE 

PER MIN. 

B. P. 

MM. HG 

REMARKS 

9:10 

1.680 

0.860 

36 

70 

110/70 

Before atropine. 

9:15 

9:25 

1.655 

0.740 

36 

81 

100/70 

Atropine 2 mg. 

9:35 

1.670 

0.600 

36 

100 

90/65 

Complete block persisted. 

9:55 

1.720 

0.610 

35 

98 

90/65 

No change of ventricular com- 

10:15 

1.770 

0.610 

34 

98 

100/70 

ple.v. 

10:45 

1.795 

0.650 

34 

92 

100/70 



minute). This later auricular slowing is apparently the result of a 
depressor reflex effect from elevated blood pressure. At the height of 
the atropine effect the auricular rate increased to 115 per minute in 
spite of the elevated blood pressure (160/95 mm. Hg). So it seems that 
the depressor reflex effect on the auricular rate was abolished by atro- 
pine. There was practically no change in the ventricular rate after 150 
mg. of ephedrine, but an increase of three beats at the height of the 
atropine effect. 

As to the electrocardiographic curves there was no change in the shape 
either of the ventidcular complexes or of the P waves. Complete heart- 
block persisted. No complaint came from the patient during the course 
of the observations. His face was noticed to be slightly flushed at the 
height of the reaction. 

In order to exclude in this patient a possible abnormal reaction to 
atropine, 2 mg. were given hj^odermically with no other medication. 
The results are presented in Table VI. At the height of the effect there 
was a fall of blood pressure from 110/70 to 90/60 mm. Hg. One and a 
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lialf hours later, the ventricular rate showed a slight decrease, from 36 
to 33 per minute, and the auricular rate increased from 70 to 92 per 
minute. Evidently this patient reacted to atropine as usual. 

To determine whether or not a similar action of atropine occurs in 
combination vdth iiseudoephedrine, the following observations were 
made. Half an hour after the patient C. K. T. (Case 2) had received 
150 mg. of pseudoephedrine bj^' mouth, 0.9 mg. of atropine was admin- 
istered hyimdermically. The results are given in Table VII. There 
was no effect on the blood pressure except that the diastoUe pressure in- 
creased slightly, from 65 to 70 nun. Hg for a very short time. The 
ventricular rate remained the same, but the auricular rate began to in- 
crease at twenty minutes after atropine and remained elevated even to 

T.^ble 

Case 2. Cojjbined Effect of Pseudoefhedrixe axd Atropine ox Complete Heart- 
Block, Pseudoephedrine 90 ?ilG. bt Mouth at 9:55 and 60 Mg. at 10:17 a.m., 
Atropine 0.9 Mg. Htpodermicallt at 10:49 a.m. 


time 

R-R 

SEC. 

p-p 

SEC. 



B. P. 

MM. HG 

REJr.4EKS 

9:50 

1.615 

0.780 

37 

77 

100/65 

Before pseudoephedrine. 

9:55 

10:05 

1.650 

0.830 

36 

72 

100/65 

Pseudoephedrine, 90 mg. 

10:15 

1.660 

0.800 

36 

75 ! 

100/65 


10:17 

10:25 


0.830 

36 

72 

100/65 

Pseudoephedrine 60 mg. 

10:35 


0.930 

36 

65 

100/65 


10:45 

i 1.700 

0.810 

35 

74 

100/65 ! 


10:49 

10:50 

1.690 

0.900 

35 

67 

HIM 

Atropine 0.9 mg. 

Complete block persisted. 

11:00 

1.655 

0.840 

36 

71 


No change of ventricular com- 

11:10 

1.660 

0.620 

36 

97 

100/65 

plex. 

11:20 

1.660 

0.570 

36 

105 

100/65 


11:30 

1.660 

0.560 

36 ! 

107 

100/70 


11:50 ! 

1.690 

0.620 

35 

97 

100/70 


12:10 


■ 

35 

97 

100/65 



one and a half hours later. Pseudoephedrine, therefore, seems not to 
act in combination with atropine as does ephedrine. 

Unfortunately the patient J, T. (Case 1) left the hospital before there 
was an opportunity to studj’’ his reaction to atropine and ephedrine in 
combination. Three individuals with normal hearts were studied and 
found to have the same reaction as the patient C. K. T. 

Chen and SchmidU (1930) in their recent review of ephedrine stated 
that the influence of atropine upon the cardiac effects of ephedrine in 
man apiDarently had not been investigated. Our results suggest that 
atropine either abolishes the depressant action of ephedrine on the 
heart in man or neutralizes the vagotony of the individual or the 
parasympathetic stimulation of ephedrine, thus permitting the ephe- 
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clrine to stimulate freely the sympathetic nerve endings. The degree of 
pressor effect and the duration of the cardiac cycle after certain do.ses 
of ephedrine in combination with atropine are the total result of their 
balanced action on sym]mthetie and parasympathetic nerves. 

.SUM MAE V 

1. Two eases of complete heart-block re.sponded to ephedrine Cjuitc 
differently, (a) With a small do.se of ephedrine, Case 1 showed prac- 
tieallj' no change in aiirieular or ventricular rate, but a moderate eleva- 
tion of blood pressure. In Case 2 there was an increase of auricular 
rate, but practically no change in ventricular x’ate or blood pressure, 
(b) With a large dose of ephedrine Case 1 .showed an increase of 
auricular and ventricular rate and a marked elevation of blood pressure. 
The ventricular complexes varied and there were frecpient ventricular 
extrasystoles. Tn Case 2 there was a decrease in auricular rate while 
the ventricular rate remained constant. There was practically no 
pressor re.sponse, and no change in the electrocardiograms. 

2. In instances in which slowing of the auricles occurred without any 
appreciable elevation of blood pre.ssure. the slowing may be ascribed to 
the stimulating effect of ephedrine on the parasympathetic nerves. 

3. When an effective dose of atropine was administered to an ephe- 
drinized patient with complete heart-block, a marked increase of auricu- 
lar rate and a slight elevation of A'entricular I’ate Avith a marked elcA'a- 
tion of blood pressure and increase of pulse pressure occurred. This 
action of ephedrine in combination AA'ith atropine suggests that atropine 
neutralizes the parasympathetic effect that results either from the iiidi- 
Audual’s A'agoton.y or from the .stimulating effect of ephedrine on the 
parasympathetic nerves. 

4. Atropine ha.stened and intensified the pressor effect of ephedrine 
but shortened its duration, and abolished the depre.ssor reflex effect of 
high blood pressure on the auricular rate. 

5. No corresponding effect Avas noticed AA'hen atropine Avas combined 
Avith pseudoephedrine. 

6. Ephedrine and ephedrine in combination AA-ith atropine did not 
abolish the complete block. 
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A CLINICAL STUDY OF RBSPIRATOEY VARIATIONS IN THE 
FORM OF THE ELECTROCARDIOGRAM^-' 

Lews W. Woodkufe, M.D. 

Joliet, III. 

TTARIATIONS in the iieight of the various waves of the electro- 
' earcliogram, especially the QRS wave, have been universally recog- 
nized since 1910, when Einthoven lirst described them. Numerous ar- 
ticles on this subject have appeared since that time, principally by 
Lewis, Wenckebach, Winlerberg and Gebert and Grosser. The com- 
monly accepted explanation for this phenomenon has been that it is due 
to a shifting of the electrical axis as a result of changes in the position 
of the heart, which are mainly produced by movements of the diaphragm. 
Recently’' Condorelli^ presented a number of clinical and experimental 
electrocardiograms showing marked respiratoiy changes, which were ob- 
viously* not due to mechanical shifting of the heart’s axis and yet were 
not conclusively proved to be due to vagal or sympathetic influence. 

Although much has been written on tliis subject, as yet very little 
attention has been given to variations in the form of the electrocardio- 
graphic waves, that is, changes in a slurred or notched QRS or P-wave 
occurring -with respiration. In a review of the literature several in- 
stances were found bearing on this particular phenomenon. Hoehrein^ 
desci’ibed a case in which the electrocardiogram after an attack caused 
by coronary thrombosis showed a striking variation in the height and 
form of the R-wave synchronous with I’espiration, a change Avhich pre- 
mously had not been observed. In fact the majority of the tracings of 
the rest of his patients vdth myocardial infarction presented this find- 
ing. An explanation according to the idea of Hering was given, namely, 
that with the venous hyperemia which follows coronaiy thrombosis an 
increase in vagus tone is produced. 

Also Hallermann,® who wi’ote concerning the clinical significance of 
small ventricular excursions in the electrocardiogram, was able to show 
that these changes are related to disturbances in the coronary circulation. 
The charaetei’istic curves published by him all show respiratory form 
changes, although the author did not discuss their clinical significance. 

In an article on the significance of a large Q-wave in Lead III Pardee^ 
presented one ease of a splintered QRS wave in Lead III, whose form 
changed definitely with the phase of respiration. Winternitz, in a dis- 
cussion of Condorelli ’s^ work, showed an electrocardiogram in which a 
complete shift from a left bundle-branch block in inspiration to a right 
bundle-branch block in expiration occurred. He believed that this 


♦From the Medizinische Universitatsklinik, Leipzig-, Germany (Director, Prof. Dr. 
Mora Witz) . 
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striking change must have been due to a shifting of the electrical axis 
produced by diaphragmatic movements, rather than by vagal or s.vmpa- 
thetie influence, since the administration of atropine and pressure over 
the carotids were without effect. 

A large supply of material for the clinical study of these phenomena 
was offered me in the medical division of the University, of Leipzig, 
where for the year April, 1930, to April, 1931, tracings from some 
2000 patients were recorded. These consisted of the simultaneous regis- 
tration of electrocardiograms and respiratory curves. The electrocardio- 
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E or S was frequently observed, the deformity coming gradually as the 
wave decreased in height, during expiration in the ease of E3 and Si, 
and during inspiration with Ei and S 3 . Changes in Lead II appeared in 
most instances during inspiration. Exceptions to this general rule, how- 
ever, occurred in all leads, most often with E3. Other changes consisted 
in the shifting of the position of a slur or notch usually simultaneously 
udth a change in the height of the Avave, although instances AA-ere found 
in AAdiich a difference in height Avas not measurable. As may be ex- 
pected, these changes Avere found most often in Lead III, in Avhich 



Fig'. 2. — Respiralory changes in Uie form of the QRS wave in Lead III. 


there Avere 48 instances. In Lead II there Avere 11 ; in Lead I, 10 ; in 
Leads I and III, 3 ; and in Leads II and III, 1. Changes in the .form 
of P in relation to respiration occurred in only 4 cases. In no in- 
stance Avere extrasystoles found to occur consistently in one phase of 
respiration. 

The accompanying table shoAVS the frequency of respiratory Amriations 
in form and height of QRS in the principal tjqies of heart disease. Of 
74 patients Aidth form changes .57, or 77 per cent, had definite clinical 
evidence of heart disease, AA^hile of 44 with Amriations in height only, 26, 
or 59 per cent, Avere clinically abnormal. Of the 57 eardiopaths in the 
first group, 31, or 42 per cent, of the total, Avere classed under coronary 
sclerosis, generalized arteriosclerosis or hypertension. Although these 
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data do not fiiniisli the incidence of notching and slurring irrespective 
of respiration, it is certain that these form changes occur rather fre- 
quently in cases of heart disease especially of the degenerative type due 
to arteriosclerotic changes. 


Table I 

Showing the Incidence of Eespiratort Changes in QES in Eelation to the 
PE iNCip^Ui Types op Heart Disease 


DIAGNOSIS 

lead 1 





TOTALS 

OHANOES IN 

HEIGHT ONLY 

Coronary sclerosis, liyperten- 
sion, arteriosclerosis 

5 

5 

19 

2 


31 

14 

Eheumatie heart disease 

1 

2 

3 

1 

1 

8 

4 

Chronic pulmonary disease 

1 

1 

5 



7 

1 

Hyperthyroidism 

1 

2 

2 

1 

1 

3 

2 

Aortic syphilis 



2 

1 


4 ' 

0 

Obesity 



1 

! 

1 

1 


1 1 

1 

Paro.\7smal tachycardia 



2 


1 

1 

2 

0 

Congenital lesions 



1 



1 

1 

Miscellaneous 







3 

Clinically normal hearts 

1 

2 

14 



17 

18 

Totals 

9 

12 

49 

3 

1 

74 

44 




The explanation of the variations in form of the QRS wave is annar 
ently closely connected with that of variations in heio-ht since iii^thp 

Te oTircLl" a 

Of the sympathetic and paralyzlll the ^^''^liors. Stimulation 

produce similar changes to 

Condorelli^ found vLiation. nf Ii i’ and Winterherg. 

individual with variations in the funct^ ^e^omenon occurring in the same 
He also observed that the denth of^^^ myocardium, 

-.eel, ^oOMeci ,he 

X” v:s xxx -XX. 
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wliicli, however, occurred not witli tlie artificial breathing produced by 
intratracdieal insufflation, hut with the involuntary, ineffectual respira- 
tory movements of the animal. He therefore concludes that shifting 
of the cardiac axis has little to do Avith these changes and that in all 
probability the extracardiac nerves can cause an increase or decrease in 
the potential of the heart’s action current. Furthermore, in some 20 
of the iiatients hero recorded, in whom the movements of the diaiihragm 
were abnormally limited (as observed fluoroscopieally), it Avas observed 
that marked respiratory Ami-iations in form and height occurred. 

EA'idence against the theory of A'agal and sympathetic influence is 
demonstrated by the failure of atropine or Amgal stimulation to decrease 
or increase the respiratory variations. Moreover, sinus arrhythmia, Avhich 
is commonly believed to be caused by changes in Amgal tonus, is con- 
sidered rare in eases of definite heart disease, AAdiereas respiratoiy A^ari- 
ations in the form and height of QRS A\mves appear frequently in these 
individuals. 

Other factors should he considered as having a possible role in the 
production of these phenomena. It has been demonstrated experi- 
mentally by Hochrein“ that the blood floAV in the coronary arteries varies 
regularly and definitely Avith the respiratory phase, Avhich maj" be a 
factor in changing the potential of the action current. Variations in 
intrathoraeic pressure affecting the amount of filling or distention of the 
left or right ventricle may cause a shift in the electrical axis. Chemical 
changes in the blood and in the ti.ssue fluids, occurring Avith respiration 
and altering the chemical state of the myocardium, may also haA'e an 
effect. 

Since it is certainly far from clear AAdiat the important causative factor 
is in the production of these phenomena, there is need for further in- 
vestigation of the problem, especially along experimental lines. Respira- 
tory changes in the form of the electrocardiogram, though of A'ery 
frequent occurrence, have heretofore not received sufficient attention 
in the studj’' of this subject. 


SUMMARY 

In 2000 eases respiratory cuiwes and electrocardiograms Avere recorded 
simultaneously. Respiratory changes in the form of the QRS Avave Avere 
found to occur rather frequently in joatients Avith heart disease, especially 
in those in the arteriosclerotic group. The cause of the respiratory 
changes does not appear to be due to a shifting of the axis caused by 
moAmments of the diaphragm. The influence of the vagus and sympa- 
thetic nei’A^es, as Avell as changes in coronary blood flow, is briefly dis- 
cussed. 

Tlie author wishes to express appreciation to Privatdozent Dr. Max Hoohrein for 
suggesting this study and for his help and advice in the prei^aration of this paper. 
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JIULTIPLE KUPTURE OP HEART BY INDIRECT TRAIBIA, 
COMPLICATED BY j\IURAL THROJ'IBOSIS AND 

EMBOLISM^' 

Oscar Swinefobd, Jr., M.D. 

University, Va. 

S pontaneous rupture of the heart is relatively rare. Krumbhaar 
and Crowell,^ in 1925, made a detailed analysis of 22 of their own 
cases together wdth the 632 eases recorded in the literature since 1872. 
Their conclusions .have been confirmed but not significantly amplified 
by subsequent reports of about 100 additional cases by various authors. 

Most spontaneous ruptures oeeur through recent necrotic infarcts, 
some through aneurysmal dilatations of healed infarcts, and a few 
through abscesses, gummata, tubercles, metastatic tumors or parasitic 
cysts. Rarely the heart shows only the relatively benign changes of 
brown atrophy, fatty degeneration, and slight coronary sclerosis vath 
atrophy and fibrosis. 

The exciting cause is usually as insignificant as walking, eating or 
defecating. Sometimes emotional crises, violent exertion or, rarely, in- 
direct trauma may bring about the rupture. 

Nearly 80 per cent of spontaneous ruptures occur in the left ventricle, 
10 per cent in the right ventricle, 6 per cent in the right auricle, and 
2 per cent in the left am-icle. Rupture of the septum is rare. There are 
several instances on record of interventricular, but only one- of inter- 
auricular, rupture, klultiple ruptures are not mentioned by Krumbhaar 
and Crowell but have been noted several times by others. No record 
of mural thrombosis at the site of the rupture with secondary pulmonaiy 
embolism has been found. 

The following ease is reported because it represents a unique combina- 
tion of several rare aspects of spontaneous rupture of the heart : 1. The 
mjmcardium was not markedly abnoi’mal. 2. Indirect trauma was the 
exciting cause. 3. The ruptures were multiple and had perforated: 
(a) the inter auricular septum completeljq (b) the interventricular 
septum partially, and (c) the anterior wall of the light ventricle with 
the exception of a transparent film of epicardium. 4. A mural thrombus 
had formed at the site of the interauricular defect and had given rise 
to a pulmonary embolus. 

♦From the Department of Pathologic University of Virginia Medical School, Uni- 
versity, Virginia. 
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Spontaneous rupture of the heart is usually found about once in 1500 
autopsies This is the fourth case in the 1500 autopsies of the Um 
versity of Virginia Hospital. Two of the others have been reported 

previously."’ ® 

CASE REPORT 

E. P., a colored woman about seventy-five years old, was admitted on tbe Ortho- 
pedic Service about twenty minutes after being struck from behind by an automobJe. 
Lr health had been excellent before tbe accident. Eor convenient reference tbe 
clinical course is presented in the form of a protocol. 

Protocol op Clinical Course* 


TIME 

CLINICAL OBSERVATIONS 

TREATMENT 

10:00 A.M. 

10:20 A.M. 

Hit by automobile. 

Admitted to liospital. Examination dis- 

1000 c.c. normal saline I. V. 

12:2Dp.m. 

closed: multiple fractures of ribs and 
legs, abrasions of left forehead, moder- 
ate degree of shock, pulse 100 and 
regular but for occasional extra- 
systoles. No dyspnea nor orthopnea. 
This was followed by a short period of 
improvement. 

Pain in chest with increasing orthopnea 

Morphine gr. %. 

Hot water bottles. 

Morphine gr. 

12:25 p.m. 

and restlessness. 

Gasping for breath, respirations 8,. pulse 

Adrenalin M. XV 


110 and regular, blood pressure 70/20, 

Caffein sodio-benzoate gr. 

1 

1 

2:00 p.m. 

3:00 p.m. 

pupils constricted. 

Better. Respirations 16, blood pressure 
110/40. 

Semicomatose, slight pulmonary edema. 

7Vz. 

3:30 P.M. 

Better. Respirations and pulse satis- 

Fractures reduced and 

3:35 p.m. 

factory. 

Respiration and heart beat ceased sud- 
denly, without a sigh or gasp, just 
after splints were applied. 

splints applied. 


ivcic iiciirL inunnurs neara nor were irree-nlnritidt: r.f +v.q 
tectea (except occasional extrasystoles). ElectrocSgSm?™ not^ ^ 

Auysy Findmgs.~T!U body was that of an aged colored woman. Extern; 

forehead, multiple depresse 

fibulae ^ compound comminuted fractures of both tibiae an 

Internal examination disclosed fractures of the fourth, fifth, sixth and sevent 
right „bs near their vertebral ends. The posterior fragments were depressed an 
lad perforated the panetal pleura giving riselo a large hematoma. These and tl 
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fourth, fifth, and sixth left ribs wore also fractured in the parasternal region hut the 
fragments were not displaced. There -was no fracture of the skull. 

Brain: There were many small subarachnoid lieniorrhages over the right frontal 
and parietal and the left parietal surfaces of the cerebrum. The fiuid in the lateral 
ventricles Avas blood tinged. The vessels beneath the lining of the ventricles were 
congested. The choroid ple.xus was normal. 

lAings: There were massive adhesions between the visceral and parietal layers of 
the right pleura vdth an extensive cxtrapulmonary hematoma in the region corres- 
ponding to the depressed right rib fragments. An embolus occluded the middle 
branch of the right pulmonary artery. This lung was markedly edematous and 



Pig. 1. — Diagrammatic sketch of right auricle and ventricle. I, Rupture of wall of 
right ventricle witli subepicardial hematoma and narrow opening into ventricle, ij. 
Partial rupture of interventricular septum beneath the posterior and medial cu^s or 
the pulmonary valve. Ill, Rupture of the interauricular septum with Y-shapea 
thrombus attached along lower border. 

slightly atelectatic. The left lung was also atelectatic and had a few pleural ad- 
hesions but was otherwise normal. 

Heart: Weight 308 grams. Over the lower anterior surface above and to the 
right of the apex was an area of subepicardial hemorrhage, 6 by 3 cm., which com- 
municated tvith a small ragged perforation of the wall of the right ventricle 3 cm. 
above the apex and adjacent to the septum. The ventricular aspect of this perfora- 
tion was about 1 cm. in diameter. (Pig. 1, f.) The subepicardial opening was 
just large enough to admit a 1 mm. probe readily. The subepicardial hematoma 
contained about 2 c.e. of blood and was separated from the pericardial cavity by 
a transparent film of epicardium. The pericardium contained a few cubic centimeters 
of pale clear fiuid. 
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Just bonoutli the inedinl niul posterior cusps of tlio puliiioiiarv vnlvi; (I'lj;. 3, U) 
was a small partial rupture tlirouffli tl»e eiHlocunlium and at)out half of the myo- 
cardium of the interventricular sejitum. 

There was a perforation of the interauricular septum, 2.5 em. in dianu'ter, be- 
tween the fossa ovale and the A-V valves (Fift- 1, /i/). 'I’he edj'es ol this perfora- 
tion were smoother on the left than on the riRht. There was din'use petechial extrav- 
asation of blood in tlic septum witli correspondinc .subepicardial hemorrhages in 
the region of tlic right A-V .iunetion. In the right auricle attached along the in- 
ferior herder of tlio jicrforntion, extending down almost to the tricuspid valve, was a 
Y-shnped thromlnis (Fig. 1, UJ) which appeared to he the .smiree of the embolus 
found in the middle branch of the right pulmonary artery. 

The myocardium appeared normal grossly excej^l at the sites of the ruptures. 
There was no evidence of infarction. The coronary arteries were sliglitly atlieroma- 
tous but were not obstructed by tliromlu, emtioli, or calcium plmpics. 'I he aortic 
valve cusps were slightly cidcitied at the commi.ssures. There was .slight arterio- 
sclerosis of tlic aortic arch. 

Jlicroscopic e.xamiuatioii of the heart sliowerl hrowii fitroidiy, fatty degeneration, 
small areas of atrophy and (ihrosis, subepicardial and interauricular inters! itin! 
hemorrh.ngos, and moderate intimal degem*ration of tlie smaller coronary brandies. 
Tlicrc wa.s no evidence of infarction. 

The liver, .spleen, kidneys, pancreas, adrenals, uterus, tubes, and ovaries were 
not .significantly abnormal. 


niSCl'S.SlON 

The details of tlic moeliatiism causitio: tlie heart to rtipltiri! are. of 
course, not known, but they fnrni.sh materia! for interesting, tliough un- 
profitable, speculation. Tliere is little doubt, botvet'er, that the severe, 
sudden, crushing blow from behind was the, exeiting etiuse and tlmt the 
myocardial degeneration, tliougb very .slight for :» jjcrson .sevtudy-five 
years of age, was the predisposing eausc. 

Deatli was proltably due to Iho. pulmonary embolus, with shock, con- 
tusion of tlie brain, and acute and ebronic myocardial datnage as im- 
portant contributing causes. In view of the location of the ruptures 
the absence of murmurs is not. surprising, llowevei', tlie ab.sence of dis- 
turbances of conduction is extraordinary in view of (he fact (hat all 
three of the ruptures were close to the bundle of Ilis. 


smntAuy 

^ A unique ease of rupture of the heart by indireet trauma is presented. 
The interesting features arc: 

1. Indirect trauma is a rare exciting cause. 

2. The ruptures were multiple, wliich i.s rare. One was of the inter- 
™tnc„)ar soptnm, which is .-ilso rare. Oi.o wa.s of n,o aulorior wi,ll ol 
the right ventricle, whieli i.s not uncommon. The third was of tlic inler- 
aurieular septum. This has been reported once before 

3 A fresh Ihyombps formed along the edge of the iniornnricnlar r„,,- 
brfore'^ “ pulmonary emholns. This has not, been reporlml 
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rupture op splenic infarct in subacute bacterial 

ENDOCARDITIS"^ 

Arthur C. Kerichof, M.D., and Ellis K. Giere, M.D. 

Minneapolis, JIinn. 

TN 1923 Bltimer^ publislied his monograph ou subacute bacterial enclo- 
carditis. He reports that 115 infareted spleens Avith 16 septic intarcts 
were found in 150 autopsies. He does not mention a single case of rup- 
ture of a splenic infarct. On searching the literature, avc find reports of 
only three cases of rupture of infareted spleen into the^ peritoneum. 
Todd= in 1919 reported a ease of rupture of a septic splenic infarct. The 
infarct in this case Avas caused by a septic embolus from a gunshot Asmund 
of the leg AAUlh an infected compound fracture, and death Avas due to 
hemoA'i'hage into the peritoneal ca\’ity, KrokicAvicz- in 1926 reported 
the only case of rupture of the spleen in subacute bacterial endocarditis. 
He also stated that up to that time his ease Avas unique in the literature. 
In this case of subacute bacterial endocarditis death AA%as due to rupture 
of the splenic infarct and hemorrhage into the peritoneal caAuty. Au- 
topsy shoAA'cd A'cgetations on the aortic auIa'c, a septic infarct in the 
spleen which had ruptured into the peritoneal cavuty, filling it A\uth 
blood. P. J. Billings'* in 1928 reported a splenic abscess of unknoAvn 
origin Avhieh ruptured into the peritoneal caA'ity, causing a generalized 
peritonitis and ileus. It is because of the extreme rarity of the condi- 
tion and rather misleading clinical findings that aa'c are reporting the 
foIloAving case. 

CASE REPORT 


0. L., aged sevonteeu years, was admitted to Alinneapolis GDiioral Ilosiiital 
April 11, 1931. Patient had rheumatic fever si.x years previoush*, inflammatory 
and migratory in tj-pc, causing him to bo in bod Hirco months. lie ])a(l iiad similar 
attacks occasionally for short periods of time sineo. Dates and periods of these 
attacks Avere not known. There was no history of shortness of breath; but he had 
noticed slight weakness on extreme exertion. 


During the fall of 1930, the patient had not been rvcll, liad been losing weight 
(18 pounds in six months), had noticed that he perspired frequently, but had been 
able to keep up his school work. In January, 1931, the patient ceased going to 
school because of his weakened condition. He continued to lose weight, noticed fre- 
quent colds, and never felt warm, although he had no definite chills. Ho had aches and 
pains in his muscles, especially in his legs. 

Ten days previous to admission to the hospital patient noticed vague gastric dis- 
tress, no definite pain, no nausea or vomiting, no food disturbance. Bowels fiinc- 
xoned entirely normally One week before admission patient developed a pain in 
left upper quaint under left costal margin. At first ho was not very clear as to 
th^re of this pain but stated later that the pain was sudden and severe in on- 
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set. Tlie pain was intensified liy deep inspiration. Duration of pain one day. 
Patient felt fairly well after pain left. 

Three days before admission to the hospital he developed a sudden severe pain 
located at the left costal margin, lasting about live minutes. The pain gradually 
became diffuse over the entire abdomen. The pain was steady, not crampy or 
colicky in type. At the onset of pain he had a small bowel movement, normal in 
color and containing no pus or blood. The same day he noticed that his abdomen 
was becoming distended and tense. Patient stated that he vomited four times during 
the forty-eight hours preceding admission to the ho.spital. The vomitus was bro™ 
in color and tasted foul. Patient thought that ho had been passing urine more 
frequently the preceding few daj’s and that it was darker in color than usual. 

Physical Examination: White male, aged seventeen j’ears, apparently anemic, 
fairly cooperative, in considerable pain. Head, 2 mpils react to light, teeth carious, 
moderate postnasal discharge. Marked pulsation of vessels of the neck. Thyroid 
small. Chest, lung fields negative to percussion and auscultation. Heart boot-shaped, 
to percussion, markedlj' enlarged to left, no enlargement to the right, Eetraction 
of interspaces with pulsation of the heart. Systolic thrill at base of the heart. Ho 
tlirill felt at the apex. Systolic and diastolic murmur heard over the aortic area 
and well transmitted down the left border of the sternum. There was a fairly 
loud sj-stolic murmur at apex of lieart rvith faint diastolic murmur. It was felt 
that the diastolic murmur at the apex was a transmission from the aorta. The blood 
pressure was 148/48 mm. Abdomen distended, belly wall tense, no visible peristalsis, 
no borborygmi; tympanitic to percussion. Liver and spleen not enlarged to percus- 
sion. Spleen not palpable. Distension of abdomen interfered with this examination. 
There was diffuse tenderness over the entire abdomen to pressure with slight re- 
bound tenderness localized in the right lower quadrant. There was a suggestion of 
a mass in the left lower quadrant. Ecctal examination revealed sense of fullness 
in midline of pelvis with definite suggestion of a mass. Moderate tenderness to the 
examining finger. Extremities negative, no edema. 

Impression on admission: 1. Aortic stenosis and insufficiency. 

2. Mitral insufiSciency. 

3. Subacute bacterial endocarditis. 

4. Partial intestinal obstruction, 

a. mesenteric thrombosis or embolus, 

b, appendicitis with ileus. 

Laboratory Findings; Urine, sp. gr. 1021, no albumin, 15-20 E.B.C. and 3-4 
W.B.C. per field. Leucocytosis of 27,200, differential P.M.N. ’s 86 lymph. 13, mono. 1. 
Leucocyte count twelve hours later 20,950. 

Six-foot heart plate: Total transverse diameter of chest 27,4, Ml. 12.1, Mr. 2.4. 
Total of heart 14.5 cm. Left ventricular type of enlargement. Diaphragm on left 
was poorly defined. Moderate effusion seen occupying the left pleural cavity. Lung 
fields clear. 

Plates of the abdomen demonstrated a moderate accumulation of gas in both 
the large and the small bowel, the appearance suggesting an intestinal stasis, para- 
lytic rather than on a mechanical obstructive basis. There was a suggestion of an 
increased density occupying the medial portion of the right iliac fossa suggesting 
a probable mass in this region, although this was not entirely definite. 

Course: Patient was afebrile on admission. Surgical consultation was held, but 
it was deemed inadvisable to do a laparotomy due to the critical condition of the 
patient and to the fact that following rectal examination the patient passed a large 
amount of flatus with a watery broivn stool. It was considered that the obstruc- 
tion which seemed paramount on admission had been relieved by nonsurgieal pro- 
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cedures. Temperature remained normal until one Hour before death then rapidly 
rose to 106° (rectal). Patient was in hospital thirty hours befoie death. 

n,c .««» «■.» i>rfo,.„ca l>y Dr. N, H. Lutki.,, palhologist kt 
General Hospital, one nnfl one-l.aH hoars after ae.atl,. On opon.ng the ah lorn , 
the peritoneal cavity was found to contain about 2000 c.c. of fibrinopui ulent flu d. 
The omentum was matted over the bowels wliich wore distended with 'iiu 

fluid Peritoneal surfaces were all greatly roughened and reddened, and elloits 
to release the fibrinous adhesions between the bowel loops caused rupture in a number 
of places. The appendix was found to be normal. 

The pleural cavities were free. The pericardial sac was .slightly adherent to the 
left lung and was firmly adherent to the chest wall in the left midelavicular line 
and also to the right lung. The pericardml cavity w.as completely obliterated by 
old fibrous adhesions between the sac and cpieardium. There was a sligiit broncho- 
pneumonia in both lungs. 

Heart weighed 510 gr.ams. There was a great hypertrophy of the left ventricle 
with slight dilatation of this chamber. Pulmonary and tricuspid valves were normal. 
The aortic valve was greatly thickened and stilTcncd by scar tissue and calcium in- 
filtration. The leaflets were adherent to one another at their commissures where 
there were great retraction and thickening. The margins were rounded and thickened 
by fibrous tissue, while at the bases of each there were large calcified masses, espe- 
cially on the aortic surfaces. The lesion w.as of such ah extent as to produce a se- 
vere grade of stenosis with some degree of regurgitation. The mitral v.alvc was 
likewise thickened and stiffened, especially at the margins, witli thickening of the 
chorda tendincae. There Avas a scarring between the two leaflets. On the margin 
of the mitral leaflets were found a number of small soft vegetations, some of which 
were rounded and pedunculated. A smear of one of these small thrombi .showed the 
presence of numerous streptococci. Tlic coronary arteries Avcrc norm.'il. The myo- 
cardium was normal. 

The spleen weighed 220 gm. It Avas firmly adherent to the diaphragm by fibrous 
adhesions so that considerable tearing resulted from efforts to remove it. The 
substance of the spleen Avas quite firm, but at its periphery AA'ere a number of ir- 
regular white infarcts extending to the hilus. The largest of these lesions Avas 3 to 
4 cm. at the periphery and had undergone extensive purulent softening. Capsule 
over this area Avas extremely thin and Avas broken at the time of removal. Smears 
fiom its purulent content AA'cre loaded AA'ith short chained streptococci. There AA’as 
a pale infarct 2 cm. in diameter in the upper pole of the left kidney. 

The postmortem diagnoses AA-ero: 

Old rheumatic endocarditis of mitral and aortic valves. 

Recent bacterial endocarditis. 

Septic infarction of spleen Avith rupture and streptococcus peritonitis. 

Old healed pericarditis. 

In summing up this ease, the ivhole picture unfolds' itself. The pa- 
lent developed a rheumatic endocarditis which resulted in aortic insuf- 
ficiency and stenosis and some mitral damage six years before Then 
sometime dimng the fall and winter of 1930-1931 he developed a bae 

in the loft ^ ^ ^ This caused the sudden severe pain 

in the left upper quadrant which was increased liw rHo,. 

cause of subdiaphragmatic inflammation This nain thei 

the patient felt better. Three davs hefnVo i subsided and 

iinee dajs before admission the infarct, which 
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had now become an abscess, ruptured into the general peritoneal cavity, 
leading to a purulent peritonitis with paralytic ileus which obscured 
the picture and which eventually caused death. In retrospect we feel 
that with the story as we have it now, Avhich we did not have on admission, 
Ave might at least have included the correct diagnosis in our diagnostic 
probabilities. We do not believe that surgical intervention Avould have 
offered any other end-result, first because of the severity of the peritonitis, 
and second because of the underljdng process, namely subacute bacterial 
endocarditis. 
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William Sydney Thayer 
June 23, 1S64-December 10, 1932 

I T is difficult to speak of the loss sustained by American medicine in. the 
death of Doctor Thayer without seeming to i-csort to extravagance and 
hyperbole. 

The measure of his beneficent influence upon his profcs.sion is not to be 
reckoned merely as the sum of his accomplisliments as an inve.st.igator, a 
teacher, a scholar, and a clinician, great as tliese undoubtedly were. Of 
greater significance perhajis than all of these sterling accomplishments 
was the influence of his personality upon his colleagues and upon the 
generations of students fortunate enough to come under his influence. 

Even more than his remarkable professional attainments it was his char- 
acter, his ethical standards, his generous, disinterested attitude toward 
every question, his eagerness to help, his capacity for warm friendship 
that won for him the unique position he occupied. 

The loss suffered by the profession at large is fully shared by The 
American Heart Journal and its editorial staff, of wliich he was an 
honored and beloved member. 
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Selected Abstracts 


King, John T., and McEachem, Donald: The Nature of the Physical Signs of 

Bundle-Branch Block. Am. J. M. Sc. 183: 445, 1932. 

An analj'sis of 50 consecutive cases of bundle-branch block showed the follow- 
ing physical signs: visible reduplication of the apex thrust in 42, palpable redupli- 
cation in 40; the first heart sound was split into two elements in 28, there were 
two separate systolic luunuurs in C and a .single first sound with a separate 
murmur in S. On the basis of these signs a correct diagnosis was made prior 
to knowledge of the electrocardiogram in 34 of 40 attempts; the presence of 
bundle-bi’anch block was suspected in 2 but was not definitely diagnosed; the 
diagnosis was not made in 4. There was a difference of opinion in 4 other cases. 
In the remaining 6 cases the presence of bundle-branch block was recognized 
only by electrocardiograms. 

In 3 patients showing complete auriculovcntricular block as well as intraven- 
tricular block, the diagnosis of both conditions was made in 2 cases from clinical 
signs and the signs were equally clear in the third case; signs of bundle-branch 
block were found, and the condition was recognized clinically in 5 or 7 
patients showing both fibrillation and bundle-branch block. The latter two groups 
of cases show that the auricles are not concerned with the physical signs of 
bundle-branch block. 

Presystolic gallop bears a superficial resemlrlance to the signs of bundle-branch 
block; however, clinical evidence and apex cardiograms show the two conditions 
to be different; presystolic gallop being truly presystolic, the signs of bundle-branch 
block being limited to systole and causing a division of the apex systolic 
plateau. Normal controls failed to show systolic reduplication. 

A cinematographic film of the movement of a straw attached to the cardiac 
apex showed a double systolic thrust in each of 5 consecutive cases of bundle- 
branch block. 

Mufson, Isidor: A Study of the Capillary Pressure in Nephritis and Hypertension. 

Am. J. M. Sc. 183: 632, 1932. 

This investigation represents a further attempt to correlate variations of 
blood pressure within the minute vessels with the clinical findings in acute and 
chronic nephritis and in essential hypertension. Special attention has been given 
to the influence of capillary pressure on the development of edema. The com- 
parison has been made between the capillary morphology found in essential 
hypertension and peripheral arteriolar spastic (Raynaud’s) disease. From their 
marked difference it seems more probable that essential hypertension is due not 
solely to arteriolar spasm but to a generalized arterial spasm. 

The frequent association of high capillary blood pressure with renal disease 
is indicative of a spasm response due to a severe involvement of the systemic 
capillary system. A relationship between the capillary pressure and the osmotic 
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p„ss«r. of tho Wood to fto prcsoooo o£ «■>»■'» 
nephritis. 

-R A.- Congenital Heart Disease With Multiple 
Bellet, Samuel, and Gonley, B. ‘ A 

Cardiac Anomalies. Am. J. 51. Sc. 183: 4o , • < -> ^ 

cngcitol ho»,t aioooso lo »„ »f»l i» roportoJ 'vWcl. 

anrmaly .ms fomul, the remains o£ the sinnsoids of of n,mn:c Imar . Tl c 

incidence, theories of the origin of these anomalies and tho resulting dist 
ances of the fetal circulation are discussed. 


Samuels, Saul S.; The Incidence of Thromho-Angiitis Ohlitcrans in Brothers. 

Am. J. M. Sc. 183; 4C5, 1932. 

In the examination of over 500 eases of thromho-ungiitis obliterans, the author 
has observed three families in n-hich it occurred in brothers. In the first family, 
3 brothers, aged thirty-four, thirty-three and twenty-nine years, .showed .signs of 
tho disease. Parents of these imung men were born in Austria and were appar- 
ently free from any evidence of peripheral arterial disease. Another family in 
which throe brothers, aged forty-two, thirty-five and forty years, wore aftcctcd 
with thrombo-angiitis obliterans was of Kussian .Tewish nationality; all of these 
were horn in Pussia. Tho third family consi.sted of 2 iucinbor.s of Austrian 
descent aged fortj'-eight and forty-three years and were born in America. 

The author points out certain peculiarities of the disease, notably, its pre- 
dominance in Jews, its predilection for young males, its association wilb cigarette 
smokers, its occasional occurrence in brothers with no direct evidence of inherit- 
ance. 


Parkinson, John; Coronary Thrombosis. Brit. 51. ,T. 3741, 549, 1932. 


The author summarizes this presentation before the Section of 5rcdicine at tho 
Centenary meeting of the British 5tedicnl Association as follows: Angina pectoris 
is a serious disease of the heart wliicli is manifested by pain across the chest or 
at the sternum, often extending into the arms, and which is due to deficient coronary 
circulation or imperfeet blood supply. There arc two main varieties, but their 
specific pain differs only in intensity, and their pathology lias a common factor in 


myocardial ischemia. 'When the pain is brief and depends on exertion, anginal pain 
is known as angina of effort, and arises from ischeniia due to localized arterial spasm. 
When an attack of anginal pain is unrelated to exertion and .suflicicntly prolonged, 
and eomplieated by tho symptoms of -infarction, it is known as coronary thrombosis’ 
and arises from the resulting necrotic isclicmia. Between these two' variet ies all 
grades of angina pectoris arc encountered, in the main depending on the severity and 
extent of the coronary disease and the effect on the myocardium, whothcr the 
schemm is transient (arterial spasm) or permanent (infarction). Gases of angina 
pectoris range from simple to severe, and present a similar pain (anginal) of vLv- 
rng intensity and reveal at their source a vascular identity ^ ^ ^ 

bostT Jhif complicated or terminated by coronary throm- 

ana vascular lesion is not emet Ve Vl ^ carrolahon between anginal pain 

t. tb,e„b.sis. Angina el 0 ^. U lIS”; relT^^S: 
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pectoris excluding coronary thrombosis, cases -with spontaneous attacks of pain at rest 
being almost invariably subject to angina on exertion. 

Too much stress has been laid upon the gravity of angina pectoris. It is inseparable 
from a risk of sudden death, but this may be deferred for years. In attacks of coronary 
thrombosis and in the severer grades of angina of effort the pain is extreme and the 
danger is great, but milder forms are common and often run a tolerable course. There 
is every gradation between mild angina of effort and severe coronary thrombosis as 
there is every grade of coronary disease. Too much attention has been centered on the 
anginal death and too little on the anginal life and its management. 

Bartels, Elmer C., and Smith, Harry L,: Gross Cardiac Hypertrophy in Myocardial 

Infarction. Am. J. M. Sc. 184: 452, 1932. 

A study has been made of tlie weights of the heart in forty-two cases of cardiac in- 
farction in which all other known or supposed causes of cardiac hj'pcrtrophy had been 
excluded. Of the forty-two cases, in 37 (88 per cent) there was definite gross cardiac 
hypertrophj'. In five cases the weights of the hearts were not above normal. The mini- 
mal increase in weight was 18 gi-ams (9 per cent), the maximal increase 342 grams (108 
per cent), and the average increase 132 grams (42 per cent). From the data given, it 
would appear that cardiac infarction is a definite cause of cardiac hypertrophy. 

Glover, J. Alison, and Wilson, Joyce: The End-Results of the Tonsil and Adenoid 

Operation in Childhood and Adolescence. Brit. M. J. No. 3740, 506, 1932. 

The following summary of this paper w'hich was read in opening a discussion of 
this subject, in the Section of Otolaryngologj’" at the Centenary meeting of the 
British Medical Association in London, presents very important findings and con- 
clusions from a very extensive study. 

The rising flood of tonsillectomy has been shown in the immense and rapid in- 
crease in the numbers of operations annually performed and by the astonishing fact 
that more than half the most carefully nurtured children in this country are now 
subjected to it, whereas forty years ago none of their parents underwent the opera- 
tion. While the incidence of tonsillitis is at least as high among the poor as among 
the well-to-do, the children of the latter have an incidence of tonsillectomy at least 
four times as high. 

A review of the literature suggests that, with the single exception of diphtheria, 
the incidence of the ordinary infectious diseases is unaffected by tonsillectomy; 
that while the incidence of recurrent sore throats is perhaps somewhat diminished, 
that of frequent colds is unaltered, or perhaps slightly increased. The incidence of 
otitis and mastoid disease is the same, or perhaps slightly increased upon the ton- 
sillectomized, while their liability to bronchitis and pneumonia is also probably 
slightly increased. 

The evidence wfith regard to the prophylactic and therapeutic end-results of 
tonsillectomy on acute rheumatism, chorea and carditis is distressingly^ confusing. 
There is not sufiScient cause for the routine removal of apparently healthy tonsils 
in a rheumatic or potentially rheumatic child, simply as a measure of prophylaxis 
against acute rheumatism. Removal should only be undertaken if there is some def- 
inite indication. 

Observations have been detailed on the relative incidence of nasopharyngeal 
infections upon the tonsillectomized and the nontonsillectomized pupils of a school 
population numbering nearly 14,000. Most of these pupils were between the ages of 
thirteen and one-half and eighteen years and belonged to the well-to-do classes. 
Save for two, with a total of 1,100 pupils, all the schools were boarding schools. 
Rather more than half of this population was tonsillectomized. Some of the observa- 
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tlo.s oovor a potioa ot seven terms, 0 , uvo nnd onc-thM years, vliilo others are 

confined to certain terms of epidemic prevalence. cfnfistical sun- 

Tlieso interim observations (so far as they liuvc gone) gno ^ J 

port to the theory that the removal of tonsils closes an entrance 
Lpiratory diseasc.s. Hardly any eases of diphtheria have oceuned so that tbe 
prophylactic value of the operation in this disease could not be assessed In sc.irlct 
fever, otitis media and mastoid disease no significant di(Tcrcnces ivcrc obseri ed. I 
the two latter diseases tho slight differences observed were in favor of the non- 


tonsillcctomized. 

These observations, based on actual attack rales in a school population, gcncralij 
support the conclusions arrived at by Cuuningliam from a study of the histones of 
a similar number of somewhat older students. She found that the tomsillcctomizcd 
pupils have a histoiy of higher incidence of all illnesses and suggests that the fact 
that children who are often ill arc those most frequently tonsillcctoniizcd niaj bo 
the explanation. Comparing the proportion of the amount of illness reported before 
and after tonsillectomy in the same pupils, she suggests that the removal of tonsils 
had little inhucncc in lessening the susceptibility to most infections. 

The authors profess to hold no brief for the retention of diseased or really ob- 
structive tonsils or adenoids, nor do they wish to cast doubt upon tho high value of 
the operation in cases in which there is sure evidence of toxic or obstructive damage. 
A review of tho literature and the epidemiological observations made on n highly 
tonsillectomizod child population suggest, however, that tho excellent end-results of 
tonsillectomy in selected cases have been statistically overweighted by indifferent 
end-results in cases in which the operation has been ])orformcd without suflicient 
indications as a more or loss routine i)rophylactic ritual. In their opinion, a large 
proportion of the tonsillectomies now done in children arc unnccc.«.sary, entail .some 
risk and give little or no return. 


Smith, Harry L., and Willius, Fredrick A.: Pericarditis. I. Chronic Adherent 
Pericarditis. Arch. Int. l^Ied. 50: 171, 1932. 

The records of necropsies were clinically .studied, and among the S,912 casc.s, 
373 cases of pericarditis were found, an incidence of <1.2 per cent. One hundred and 
forty-four cases of adherent pericarditis were .studied with particular Tcfcrcncc to 
clinical and pathological correlation. 

A marked predominance of the incidence in males occurred. Etiological diseases 
occurred in the following order; (1) rheumatic fever, (2) intrathoraeic infection, 
(3) cardiac infarction, (4) syphilis (certainly present, probably otiologic), (5) neo- 
plastic invasion. The weights of the hearts were determined in 105 cases The 
pericardium was partially calcified in 15 cases (10.4 per cent). A.s.sociutod cardiac 
diseases occurred in 77 cases. These in order of frequenev were: (1) coronarv 
sderosis (2) rheumatic heart disease with mitral stenosis, (3) hypertensive heart 
disease, (4) rheumatic heart disease with aortic insnflicicncy, and ( 5 ) aortic syphilis 
The predominant clinical syndrome was referable to the heart in 57 cases and was 
m no manner related to tho heart in 87 eases. The latter comprised a nJscellancous 
g up 0 diseases. Death from heart disease occurred in 39.5 per cent of the einsmi- 
whereas the heart was not directly concerned with death in G0^5 per coni. ‘ ’ 

. ' W Oalolacatlon .1 Pa«. 

.f the .ixtee. patient, extensive „h„„ie .XsTo p'otandm,™?!.: 
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nuule ill life wu.s uccoiupUahijd hy rouiityuHolupc vxniitiniition». Four other cHrucal 
cuat's are deseriiiei!, but tlu: fimliiiga were not Hutiicieully striking for tlieia to be 
cliis.dlied UH proved case,«. Tlu? single etiological factor that uiTeeted the largest 
number of eases was rheumatic infection. Tuberculosis ivua not present in any 
one of the proved eases. It was present in one of the four uitprove*,! eases. It 
would appear that calcilicutiou of the peri?:urdium is a sequel of extensive chronic 
adhtisivc perieaniitis and is un end-resiilt of the .same inllaniinattjry proecs.s that 
produces chrooii; adhesive periearditi.-. H i.s not a common condition, for it wa.s 
found in only ir» of 1 }•} ca,»cs of chronic adherent pericarditi.s found in this series. 
Ileeoguition of depo.sits of calcium in the pericardium by means of roentgen rays 
may be an aid in making diagno.siH of chronie adhesive pericarditi.s, which condition 
is e.xtre«u;iy dillieult to recognize. 

Smith, Harry I*., and WUliiu}, Prcdrick A.: Pericarditis. IIL Pericarditis With 

Etfiisioa. Arch. Int. :iled. 50: Ihi!, i'J3t:. 

One hundred and thirteen cases of pericarditi.s with effustoa in which necropsy 
Wits performed at the Atayo Clinic wore .studied with .special reference to correlation 
of clinical and pathological data. The cases wore grouped according to the char- 
acter of the cft'uaion as follows; (1) acute purulent pericarditis, (2) fibrinous peri- 
carditis with eirusion, (d) tuberoilous pericarditis and (1) noninilummatory elTosion. 
A di-stiuct predomiiiiiuce iti mutes occurred. Jnfection.s were the etiological factors 
ill eleven ca.'^es. Intnithoracic infectiou.s discu.se occurred with greatest frequency. 
Infectiou.s processes elsew here in the body occurred in dl cimes. Only two ca.ses were 
found in which infection was ab.sent; both of these cases were esauiplos of primary 
cardiac di.soaso wdth conge.siivc fnilure. F’rom thi.s .study, therefore, it appears to 
be established that the preaeuce of infections intnithoracic disease offers a great 
ehunce of the pericardium being involved, and when infectious proces.scs of the 
body a.s a whole are considered, the chance of pericanlitis i.s still greater. Thus, the 
prc-seucc of infections .ihould always foems attention on the pericardium and the 
result may be that purulent poricardUis or fibrinou.s pericarditis with effusion will 
be recognized more commonly. It is also of interest to observe the high incidence of 
pleural effusion occurring wiih tlie.-e forms of pericarditis. Fluid was preseut in 
one or both pleural cavities in So case.s. This ob.servntion may bo applied as an 
accc.s.sor.v diagnostic sign that favors probability of the presence of pericarditis. 

Thu cardiac weight.s in sixty cases in which these data wore available are pre- 
sented. Associated disease of the heart occurred relatively iiUTetpieutly in those 
cases of pericarditis with effusion. There were 33 ca.ses (2b.2 per cent) in which 
there was associated cardiac disease, which may' be compared with 53.3 per cent of 
cases of adherent pericarditb in which there wa.s such assottiatod disease. The value 
of so-called characteristic signs of pericardial effusion is considerable, and the 
presence of any such sign should be properly evaluated but tboir absence does not 
justify failure of recognition of pericarditis with effusion. Complaints iiredomi- 
nautly' referable to the cardiovascular system occurred hi only' 13.2 per cent of the 
cases. Tho clinical syiulroiue in the majority of the cases was that of sepsis. Death 
resulting directly and solely from heart disease occurred in only S.S per cent of tho 
cases; from sepsis in 77.9 ijcr cent, and from other causes in 13.3 per cent. 

Smith, Harry L., aud Willius, Fredrick A: Pericarditis. IV. Fibrinous Pericarditis 

and “Soldier’s Patches.” Arch. Int. Med. 60: 410, 1932. 

Sixty'-two cases of fibrinous pericarditis xvithout effusion formed a basis of this 
study. There are also comments on fifteen cases in which there was so-called 
soldier’s patches or milk spot.s. The incidence in males was greater than that in 
females. Associated cardiac disease occurred in 31 cases. Athough half of tho 
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patients Imd ussocintcd cardmc Oiscuho, oiiK -O ha . 1 ;,,fCMMion 

lanooiKS gm>p of di.ensc.. Doalh from enrame dmonne ocrurrml u .. .. pm ., n f 

the eases. In the romniniag cases death was from eause... unrein m o x. 

The rvoielits of the heart.s in 47 eases were available for study and arc diseussm . 

The inaior snbiecl of consideration in the ctioloj^y of librinous j.cncanhti.s ns 
one rvonld anticipato, i.s an infectious process. Fibrinous pericarditis appears to be 
one of the simplest and most innocuous forms of perieaniiti.s. Jl seems to be 
prodromal to more serious forms of pericarditis, namely, pericarditis rvith oirnsmns 
in some cases, purulent pericarditis in othcr-s and adherent pericarditis in nmny 
cases in which the patient survives the etiolopicul di.scase. 

Smith, Harry L., and Willius, Frcdriclc A.: Pericarditis. V. Tcmrinal Pericarditis. 
Arch. Int. Med. 50: 41.5, 1932. 

A condition classified as terminal perienrditis occurred in 40 of 37.'; eases of peri- 
carditis, an incidence of 10.7 per cent. A mnrhed predominnnee of the incidence 
in males occurred. Ainoiif' the major clinical diagnoses in the e.'ise.s eoinpristnt: the 
group, those of carcinoma and nephritis predominated. Associated cnrdine disease 
occurred in 21 cases. Death from heart disease mmiirred in 10 jter cent of the cases. 
In the TCiiiaining ca.sc.s, 90 per cent of the patients died of cuuses unrelated to the 
heart. Pleural fluid was present in 3.5.4 per cent of the eases, an nece.ssory diag- 
nostic sign suggc.sting tiic iiossibiiity of jiericardinl involvement. 

Zeek, Pearl: Studies in Atherosclerosis. I. Conditions in OhiJdJiood MTilch Prcdl,s- 
pose to the Early Development of Arteriosclerosis. Am. .1. >r. Se. 181; 450, 1932. 

From January 1, 1931, to January 1, 1932, there were 3,072 autopsies performed 
on pationt.s dying in the Cincinnati Ccnornl Hospital, Of Ihi.s number 1,070 were 
under thirty yc.ar.s of age; thc.sc form the basis for this investigiitinii. Tlio material 
available for the study consisted of luieroscopic .sections averaging between 1.5 and 
20 .slide.s in each case and iiielnding sections from all the jiriiicipal viscera; addi- 
tional gross Zciihcr material and in many cases cnlirc organs pre.-^erved in formalin 
or Kaiscrling solution; clinical and pathological reports, the latter iiieluding both 
gross and microscopical findings. A review of this puthological material revealed 
definite atherosclerosis of the aorta, nrteric.s or nrtcriolc.s in 79 ciise.s. There may 

have been other cases since in some of them no formiilin mutcrial was available for 
fat stains. 

It was found that rheumatic heart disease in this group was almost invnriiibh' 
accompanied by athoromatou.s changc.s in the aorta, pulmonarv or coronary arteries 
All of tlic four diabetic cases presented atherosclerosis of the aorta. Chronic rmm! 
lesions were found in thirty-four of the fifty-two nondinbetic, nonrhenmnlic cases 
which presented atherosclerosis and were present also in ten of the twcnlv-three 
rheumatic cases. The renal arterioles wore the vessels most frequcntlv involved In 
these cases The only other pathological lesions which occurred with notable fro- 
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torii'K. Jn lu-(>nty-«>i';]a patifints tittficr tliirtyorie v.iarK of figo, the decree of sitiicr- 
ojiin hn8 been eonipured the ditnttion and extent of the cardiac Ic.-ionB. 

I{lieur7jntic licnrt eliKOaHc linB not Ijceit found (o jircdifipoBC to the early dcvolop- 
jiient of atlionimatoiis Jcpion.s in (he nortn, pnirnonnry suid coronary arteries and 
nlao in the vnlvidar and left atria! eadocardiuin. Lijioid d<!i)ositR also have been 
foiind in some case*, in thoinllame!} ser<in.s jttenibrnntjs and in certain renal tubulCH. 
JApnid deposition has seeincd to bof^in soon after the onset of cardiac disease and 
in a very general way iias paralleled in dcffrce the cardiac lesions. The ather- 
oniatotifi chanftes in tnany <-ases h(t\-e been projire.^stve, leading to calcification 
and when in the valvular endocardiuia, aceenttiat<-d stfno.sis. 

Spragxio, Ilovrard B., Burch, Hobart A., and White, Battl D.t AtUicrcnt Pcrlcardinm 

and Pick’s Syudrorac. An Autopsy Sttidy. Xew i:nj,dand .1, M. 207: -183, 10:32. 

A slndy of llujO autopsy ra.ses at the IMassachnseSts General Ho.spital from JH21 
to 10r;i in Tciation to pericardial ndhesion is jircscntci! with .s)incinl reference to 
Pick’s disoasi^. This was undiTlaken for an analysis of thi* jiO.««iblc opportnnities 
for surgical relief of the condition as related to variotis etiological factors. A sur- 
vey of (he autopsy material at this hospital from isft3 to 1931 in regard to the in- 
cidence of PieU’.s disease revealed only tliri'C cases iHseovercd at autopsy during 
Ihi.s period. A comparison of these tlgun-.s -with tiie discharge diagnoses of the hos,- 
pital cases over a period from 1923 through 19.30 .*-howcd, however, tliat the diagnosis 
of ehrouic mediastinoporioarditi.s htol been made clinically dvc times. Further 
nnaly.sis of this clinical group showed no case proved at autopsy, but did rcve.al two 
living, in which the diagno.sis njtpcnrcd to he corrcct. 

Tn the Ihirty-fivo-yoar jieriod, during which lime (>100 autoyisie.s were studied, 
only six ea.«cs of lulherent pericardium with a rheumatic hisioiy came to autopsy 
in which valvular disease wn.s not present. Xonc of these case.s had Pick’s disease. 

Tuborctilosi.s of an insidiou.^ tyi>e i.s the most probable cause of the constricting 
pericarditis of Pick. In the j>re.':cnce of rheumatic valvular disease uml the in- 
evitable myocardial involvement of these ca.se.s. pericanlial adhesions appeared to 
jilay a secondary part in the picture of congestive failure, and in no ease could it 
bo held to be true consiricting pericarditis, .\dhcsise pericarditis in middle or 
old age. even when calcified, in the absence of valvular disease is an unimportant 
cause of syniptom.s and i.« very rarely a contributory cause of death. 

It appears unju.stifiablc to recommend pericardial re.«cction following acute 
rhcuinatie pericardii i.s to prevent the later ctTect.s of pcrieardi.al symphy.sis, since 
valvular di.seasc is practically always present, niul the prognosis following acute 
rheumatic pericarditis is usually bad except for rare ca.sos without proved valvular 
deformity in which no cases in this study were seen to have developed Pick’.s 
syndrome. 

Edeikeu, Joseph, and Wolfcrtli, Charles C.: The Heart in Funnel Cliest. Am. J. 

M. Sc. 184: 445, 3932. 

Ten cases of moderate or severe funnel chest were studied in order to determine 
it.s cfiTect upon the heart, 'riiere were nine males and one female. The ages ranged 
from sev'cn months to sixty-nine year.s. The deformity was probably acquired in 
four eases; congenital in five cases, and unknown in one. One case was complicated 
by a kc'phoscolio.sis and pigeon breast. Clinically, the latter rvas the only one who 
showed evidence of cardiac decompensation, but it is believed this was duo to the 
lung lesions rc.sulting from the spinal deformity. IJlcctrocardiograms were normal 
in seven uncomplicated cases. Tivo cases showed evidence of deprc.ssed myocardial 
function. Fluoroscopically the heart was flattened in the anteroposterior diameter 
and correspondingly enlarged in the anteroposterior view. It was di.splncod up-. 
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heart is ciisplaccd, clcclrocarcliOKruu.s f.uUo 
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5.inca bv the slow ,lovd„,.„.c„t is tl.o v„st ...ujor.lv of ousos. . L.-s «..«»' 

accommodation -vvidun tlic clicst and heart. 

Klotz, Oskar, and Simpson. Winifred: Spontaneous Enptnrc of the Aorta. Am. .i. 
M. Sc. 184: 455, 1D32. 

An nnaiysis is given of five eases of so-ealled spontaneons rnplnro of the aoHa. A 
common underlying proces.s was administered in all ea.ses eonstsling o a peeii 
infl.ammatory degeneration of the media affecting the muscle and elastic fiher.s dm to 
a v.aTicty of factors. Similar lesions precede the development of dissecting anmirrsms. 
A peculiar medial degeneration was found aside from spontaneons rupture or dissect nig 
aneurysm with increasing frequency, with advancing age cither ns a diffuse process or 
in sporadic distribution tlirough the aorta. The h'sions h.'ive no relation to syphilis. 


StiegUtz, Edward J., and Prohst, Duane W.; Differential Arterial Ten.sion. Am. .1. 

jr. Sc. 184: 33G, 3932. 

The arterial tension was measured in both .mas in a .scrie.s of .«ix Immlred individu.als 
ranging in age from eighteen to sixty ye.'trs, IVhonever the difiereiice in systolic ten- 
sion was 10 mm. Hg or greater or when the diastolic difference was mm. llg or greater, 
an asymmetry was declared to exist. Tlio iiieidenee of asyminelry was slightly over la 
per cent of this group. It wa.s found to be more common in jier.sons with elevated arte- 
rial tension and in those with vasomotor instability. Sex was not a f.actor. 331evalion 
of the systolic and diastolic tension was somewhat more frcsiiient on the right than on 
the left. Arteriolar spastieify, eorvienl rib, aortitis, injury to an r'.xtremity with 
atrophy, arteriovenous aneurysm and central trophic disturbances as occur in t:ibes 
dorsalis, are all factors to be considered in evaluating the causation of jier.sistont 
asymmetry. 


Adams, James M.: Some Racial Differences in Blood Pressures aud Morbidity in a 

Group of Wliite aud Colored 'Workmen. Am. .1. Jf. Sc. 181: 312. 1932. 

A study has been made of 28,221 blood prc.ssnre roading.s on n gronj) of a jijiro.xiinalolv 
14,000 industrial employees, between (he ages of eighteen and .sixty-five yoar.s, aiiproxi- 
m.ately one-third of whom were colored and (he remainder while. All the exatuinatious 
were made on apparently healthy individuals and were noted on e.vfimin.ations of appli- 
cants for employment (9000) and iinnunl health o.vaminntions (5000). None were 
included of individuals who were sick or who con.siilted for medical nd\-ice. An av- 
erage of tlireo and four-fiftlis readings at different nges were made of the oOOO em- 
ployes represented or 19,000 readings and a single reading of the 9000 applicants for 
employment. Tlie period covered wa.s from 1.020 to lO.'lO inclusive. 

Prom this study the following ob.sorvation.s are apparent: The blood pressures of the 
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trie and duodenal ulcers, and to skin <liseases, than the colored. Tile colored men are 
more susceptible to rheumatic and degenerative diseases than the whites. Venereal 
diseases and malaria are more prevalent among the colored, probably because of 
greater exposure and less prophylaxis. 

Cheer, S. N., and Dicualdo, r. E.: Studies ou the Electrical Systole (“Q-T” Etter- 
val) of tlio Heart. TV. The Etfcct of Digitalis on Its Duration in Cardiac Eaiiure. 
.1. Clin. Investigation 11: 1211, J1K12. 

An eleetroeiirdi<)gruphic study was made of the action of digitalis on the IMt and 
Q-T intervals of patients with iieart failure. A consistent tlecrea.se wa.s found in the 
length of the Q-T interval in relation to the IMt interval, whicii was oftesi decreased. 
Tliis rctlueliou wa.s not .always [tar.'illehal by .a decrease iti iieart sizir. It is apparently 
an important index of tlic gre.ater eflieiency of the myoe.ardium in recovery from heart 
failure and is interpreted as tlie re.Hult of a direct action of digitalis on the myocanliuiu. 
The relative lengtii of systole is a good guiile to digitalis therapy. The experience of 
the authors leads them to believe that excessive iwe of digitali.s is no more desirable thua 
ijisuilleieiit use, and the relative length of systole Ims proved a delicate guiiJe to the 
danger of overdosage. 

Cohn, Alfred E., and Steele, J. Murray: Studies on the ElTcct of the Action of Digi- 
talis on the Output of Blood Prom the Heart I. The Eifect on the Output of the 
Dog’s Heart in Heart-Lung Preparations. .1. Clin. Investigation 11: S71, 19k2. 

The minute output from failing, dilated hearts in dogs in heart-lung preparations is 
increased when “thefapeutie” doses of digiUilis are administered. The elTect is the 
opposite of that in the case of healthy heart.s, normal in size. When the output in- 
creases, the pre.ssurc in the right auricle decreases, luerea.se in output is consistent 
with decrease in the diastolic v<dume of the heart. 

If the inflow and consequently the outilow from the heart is restricted, the decrease 
in outflow is greater in the Tailing heart than in the .s:uae heart when it acts under the 
influence of digitalis. It appears from tbi.s rest .and from the discussion in the text that 
constriction of the hepatic veins is not a significant f.actor in the eifect which the .action 
of digitalis exerts on the size of the failing heart. 

In estimating the value of a drug, its usefulness in therapeutics need not depend ou 
its effect of any given function which presumably is correlated with the effect of that 
drug on the organism as a whole. 
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VEUiiAxnu:xGF,K DEE Dr.rTSCiiF.v Gr.Kr.i,FS('i.ArT riin 3Nnv.iKFM;n-ousH:m!N«. 

1,y Dr. Brm« KiscU. Dre.dau ut.d Loipr.ip, Tl.ccdor StondcopiT. 

Tho tvinisiudioEs of the fifth unnunl inoofh.p of tl.o Gonn.-n, A.socintion for tho 
Study of the Circulation .arc recorded in n vohnne of ahont h-'O i-nues which inch.des 
sonic' forty papers. Most of these deal with the (wo aspects of eireulatory disorders 
chosen for special consideration-disturbances of the arterial blood press, in' and of 
the peripheral circulation. Eacl, of these (wo topics is introdiier-d by two importanf 
rcfcratcnn(\ tiic wliolo volvinie bear.s testimony to the very substantial character y'e 
work done by (he .Association. Many of the contributions are descry, ufr of careful 


study. 


L. A. C. 


Die EnxAitKFKG i)i;.s’ llnttzr.xK rxu uie Foi.or.x nutiu: .‘^Tiinr.s'o. By Frof. Dr. mod. 
Luigi Condorelli, Naples. (Krgebiiisso dor Kreislauflorschun/;, Bd. Ill) 2-10 pages, 
70 illustrations. Dresden and Lcipsig, 1032, Tlieodor GteinkojifT. 

This is the third monograph in .a series dealing with various e\))erimental and 
clinical aspect.s of cardiovascular prohlem.s. •jiuhlislied under the editorial .supervision 
of professor Bruno Kiscli, of Kdlii. As the title implies, the present volume eoueerns 
itself with a discussion of the coronary eireulnlinii in liealtli ;Mid disease. 'Die subject 
matter is divided into four main parts — anatomy, physiidogy, experimeiital pathology 
and human pathology. 

The first three .seetions, though aderjiiutely comtilete, const ituti' only about one- 
h.alf of the volume, nnd furnish a linckgrmmd for the fuller consideration of the 
clinical features. The choice of terniinology in designnliiig flic varieties of coronary 
disease is open to criiieisin. The nullior has chosen to divide all aflVetions of the 
coronarie.s into two groups: A, coronaritis, whieh he calls the “Minor roron.ary 
Syndrome”; B, acute coronary occlusion, designated as the “Major Coronary Syn- 
(Ironic.”. Tho term “coronaritis” .suggests an iiilbuninatory enndition. A'c't under 
this licading j.s included the large group of disliirbanees associated with atherosclero- 
sis, as well as the less coinmon lesions caused by .syphilis, rheumatic fever, thrombo- 
angiitis oblitcrams, pcriarlcriti.s noclo.sa and acute, suppurative infections. Furtlier- 
inorc, a .sliarp separation into minor and , major .syndromes, though perhaps helpful 
for discussion, is artificial, since occlusion is but one type of episode whieh may occur 
as the result of coronary disease. 

Changes in the form of the electrocardiogram are given full eonsideratlou and 
numerous illustrative records arc pictured. 

An e.xtensivo bibliograpliy is iipponded to each .section, and due credit is given to 

workers in tho laboratories and clinics of England, Franco, Germany, Austria, Italy, 

Scandinavia, Bussia, Eumania and America. Professor CondorclU ha.s made n critical 

appraisal of many of tho papers cited in a manner which is possible only for ouo wlio 

has himself contributed to the literature in thi.s field. The monograph'ropresonts an 

oxeollcnt review and should be of intcre.st to all those who are workers in the domain 

of cardiology, 7 > t r 

• J^* Jj, 

Der Coronaiucreislaue; Piiysioeoqie, Patiiologie, Theuai'ie. By Dr. Alas Iloch- 

mn. Pp. 227, with 54 illustration.s, subject and authors' index. Berlin 101« 

Julius springer. ' ' ' 

This monograph is an excellent summary of the entire siiln'/>p) nf fi... - . 
arteries, intended for tho physician and investigator somewhat famUiuv with Ihirfiobi 

4.37 
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The literature is tlioroug’lilj revieu’ccl, and the author shoivs familiarity not only with 
the German Uterature but Avith the foreign as Avell. The bibliograpliy at the end of 
each section is very complete. 

The author has attempted to present the subject from each of the anatomical, 
physiological, pathological, and clinical aspects. ’ 

Tlie section on the anatomy is up to date. In the experimental section the author 
lays particular stress upon his oaati Avork. His presentation in this and the preceding 
section is scientific and very critical, although he sIioaa's a decided bias toward his 
OAATi Avork. Summaries liaA'e been proAuded after each section so that the general 
reader can glean the information Avithout the dilBculty of foUoAving the detailed 
presentation. It is Avorth-while for the American reader in particular to become 
acquainted Avith the author’s results and interpretations because he has come to the 
conclusion that Anrep ’s theories as to the importance of aortic blood pressure on 
coronary floAV is not correct. According to Hochrein’s results the floAv is greatest 
during systole. Apparently he and Ani-ep are in accord that this is so in the intact 
animal as far as the superficial eoronarj' arteries are eoneerned. They still differ 
in that Hochrein believes that the floAv throughout the heart muscle is also greatest 
in systole, an opinion not held by Anrep. This is not the place to go into the relative 
merits of the two points of Anew. HoAA-ever, this study shows that there are still 
many factors concerning coronary blood floAV which aa’c haA’e heretofore somCAvhat 
neglected. As a result of his studies Hochrein is inclined to believe that chemical 
and nervous mechanisms are as important as the mechanical. The controversies pre- 
sented in this section are not at all surprising AA'hen one realizes the difficulties of 
evaluating the numerous variables Avliich every Avorker in tliis field has encountered. 
In the section folloAAdng he deals with the pharmacology of the coronary arteries, 
based again chiefly on the results of his OAA-n Avork. 

The last portion of the book deals Avith the pathological and clinical aspects of 
coronary disease, in which the author brings out clearly facts accepted by all. He 
vacillates somewhat as to the presence of “coronary spasm” in diseased coronary 
vessels. He points out that mitral stenosis, by distorting the sinuses of Valsahm, 
may lead to narrowing of the mouth of the coronaries and he thus explains angina 
pectoris in such cases. 

In the section on the clinical aspects of coronary disease the author’s method 
changes from the critical scientific presentation used before to an empirical one, based 
on cHnieal judgment and personal experience. Case reports are inserted in this por- 
tion to illustrate various points. This sudden change in style of presentation has its 
advantages but confuses the purpose of the monograph. Summaries might have 
been made in this section of the monograph to aid the reader. In discussing the 
symptomatology of coronary disease the author presents first the general sjTnptoms 
and the electrocardiogram, AA'hich latter subject is inadequately handled; he then 
discusses the symptom-complexes associated Avith coronary disease; namely, angina 
pectoris, cardiac asthma, and paroxj-smal tachycardia. He emphasizes the signifi- 
cance of the personality make-up of the patient in the estimation of anginal pain. 
He favors the myocardial ischemia iij-potliesis of angina pectoris, belicA-ing, lioAVCA'cr, 
that very often the cause for the development of angina is a chemical or nervous 
action on the coronary A-essels. He also suggests that nervous mechanisms may play 
a role in producing cardiac asthma. A discussion of coronary sclerosis, of syphilis 
of the coronary arteries and of coronary thrombosis follows. The last section of 
the book is devoted to the therapy of this group of cases. 

In vieAving the book as a Avhole one finds that it is apparently intended primarily 
for the physician especially interested in this field. Despite the appearance recently 
of sCA-eral excellent monographs on this subject, there is a place for Hochrein ’s rcA'icAv 
because of the breadth of the subject matter covered in each diAusion, and the per- 
sonal experience Avhich he has had in e.acli of these lines. In other Avords, this book 
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lES 5I,u«nES O1.oAK.9ras no I'a.sccao .... IIis-Taavai.a. l.OS SVK.«0,„.S COBO. 

KAn.SS-L’r.K»OCAI.n.TB 6r,.0-A..r.-I.’.K.-A«T..S SIOTA... liiTI... .....KI9..S I-.T AKA- 

i-oMKira. B.V TV.U, Jlntalm, I'rlvnl -.lom.l .le In .V- M-.l.-.-mo .In I.nnAnnm-. 

Pp. taPo. Pari.s, 30.^3, Aifasson it Cio. 

Ill this conipreliensivc treatise an nttoinpl is made exaetly to evaluate all previous 
observations of imporlanec relating to the. disturl.uiu-es of the nicchani.sm of the 
heart heat produced hy orgauic diseases of the speeialized cardiac tissues discovered 
by His and Tawara, and a large nuinber of original oliservations, splendidly iHustrafed 
with diagrams and inicropliotographs, are presented in detail. 

The first part of the book is devoted to the physiology, anntoiny, and Jiislologi of 
the His-Tawara system and to methods of examiniug its structure aud studying its 
functional integrity. The blood supply receives special attention, and a resume of 


the essentials of clinical electrocardiography is iiichided. 

The second part i.s concerned with the correlaliou of the wieroscopie lesions found 
post morteiu and the change.s in the mechanism of tiie heart heat ohserved during life, 
Tlic first three chapters of fliis section deal witli destructive Icsioii.s resulting in 
conduction defects. After reviewing all of the ca.«es that have hcen pnldishcd ns 
demomstrating a relation or lack of relation between atrioventricular heart -hlock and 
lesions of the conducting system and doscrihing four of his own ca.ses of eomplete 
block in wliich a complete niicroscoiiic examination of tld.s .sy.stem was carried out, 
Mahaim draws the following conchisions; 

Wien the conlimiity of the llis-lnindle is completely disstroyed penmnienl .aiitl 
complete atrioventricular dis.sociation is invariably present. 

Permanent complete heart-hlock is ahvny.s organic in origin. 

Complete atrioventricular dissoeinlion is often duo to h'.sion.s lliat involve hotb 
branches of the huiidlc rather than the main .stem or node of Tawara. 

There is no necessary relation hetween the apparent degree of a partial le.sion and 
tlie degree of dissoeiatiou produced hy it. An almost complete lesion may he asso- 
ciated with normal conduction or with an in.significant eondnetion defect. 

A^’inefeen cases of supjioscd complete bundle-branch block in wiiieli Hie brandies 
of tlie bundle were examined liistologically arc reviewed. Only tiirec of these (the 
two cases publi.shod by Bppingor and Sloerk and one ri'iiortcd liy Ivnnf) arc regarded 
as entirely satisfactory from tbe .slandiioint of demonstrating tliat the Ic.sion.s di.s- 


covered were responsible for the electrocardiographic abnornialilies observed. Mahaim 
gives a detailed description of eight additional case.s .studied by liim.solf. In .six of 
these the continuity of the right hraiich of the bundle was conipletoly interriipfed, 
The electrocardiograms are reproduced, and all show some degree of left axis devia- 
tion. The QRS-intervals range from O.Ofl to 0.3 G second; the measurement. s giver 
are 0.11, 0.10, 0.10, 0.00, 0,16, and O.flO second respectively. With one except ior 
none of these electrocardiograms could he regarded as depicting complete hraucl 
block If the criteria m common use. were adhered to. In a seventh vase hoth bundle 
branches were completely transected by destructive lesions. The, elect roeavdiogram 

vf Tf “ 

tte QES-.nlcrial IS given as 0.12 sccoral, Vratriaulav CKlraav.slolo.s Irmilanlh 



440 


THE AMEItfCAN in:,\ET .TOUUN'AE 


inlorval of 0.10 second. In all of crase.s (Ik? lesion.x v.er<’ rnuUijdi', and bolli 

lu'.'uielie.s were more or le.«s in<-oh-ed. 

With regard to the eleetrofardiographie .ohnnrmalilies produced by eompltic intc-r- 
ruption of the eoiitinnity of the rigid bundle branch, M.nhatm concludes that left axis 
dovi.'ition j.s invariably present ; that the QllS-iiiU-rval is often not prolonged beyond 
O.OD or 0.10 .second; th.nt the ventrifular deflections .an' freajnenlly of Htnnll amplitude, 
particul.'irly when subdivisions of the left br.anch nr(‘ also involved, and tliat tlie abnor* 
maliticH of the T-deflections art; jiroportionnl to llti'se of the QHS-defieetions. He ap- 
jtarcntly belicvc.s tliat a very large pereentage tif the curves at jireseit! attributed to pre- 
ponderant hyjtcrtrophy of the left ventricle arc due to riglst branch block, comjdcte or 
incomplete. 

Destructive lesion.s of the right btindle branch, which receives its blood .stipply by 
way of the anterior descending branch of the left eorOJinry artery, are almost iiirari.ably 
vascular in origin and are nsu.'illy .n.ssociated with lesions of th<‘ .anterior subdivision.s 
of the left br.anch, which arc nonrislied by fbe same arlery. Ctiinjilete lesions of the left- 
branch are almo.sl never v.nscnl.'ir in origin, but are nstinlly »hic to the extension of .a 
valvnliti.s, involving the aortic or mitral valve, to the septum. The main stem of the 
bundle is likely to be involved at the same time so that left branch block withont com- 
plete atrioventricular dissociation is rare, 

Four chapter.^ arc devoted to lesions of the .«pecialir.cd tissues n.“SOciated with hyper- 
excitation, i. c., with aft.acks of eetopic tadiycardia arisitig in the affeeted region. 
Ischemic, inflammatory, or degenerative lesions may act in this way. When the tachy- 
cardia is due to lesions of the bundle branclu's, the ventricular c<imphaves may be poly- 
morphous, or alternation in the form of thc.se comj)le.xi's may occur. Mahaim appar- 
ently bclieve.s that digitali.s produces ventricular faehyeardia of this typo only in cases 
in which organic lesion.s of the conducting .system are pre.sent. 

The last part of the book deals with the relation of Ic.sions of the conducting system 
to coronary, myocardial and valvular <liseasc and to congenital anomalies of the heart, 
particularly defects of the ventricular sejitum. Mahaim believes that obliterative vas- 
cular lesions involving the anterior descending branch of the left coronary artery pro- 
duce a characteristic syndrome; insufiicieiicy of the left ventricle, enlargement and de- 
formity of the left ventricle, and right branch block. The deformity of the left ven- 
tricle, due to aneurysm of the njiox and adjacent portions of the w.all, may be recognized 
by roentgen-ray examination. 

On the whole this treati.se, which ends with a list of over one thousand articles bear- 
ing on the subjects discussed, should prove a valuable work of reference. It m.ay be 
noted, however, that many of the opinions expressed therein arc at variance with recent 
observations that have appeared since it came off tlie jiress. If, as now seems prac- 
tically certain, classical views regarding the electrocardiographic identitication of right 
and left vcntrieul.-ir extrasystolcs and right and left branch block must be revised, manj' 
of Alahaim’s observations become inexplicable and many of his views untenable. 

T. K. W 
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O YLLOl’ lllIVTHM AND TDD rHYSlOlAMiK’AD 'IDIDD HKAKl 

SOl'N'D 

I. C'HAK.\cTi;rn.‘^Ti(’.'^ or tiir. Sovnu.^, ('i.,\ssinr,\Tios'. ( oMOAitviiM. In* i- 
m;N<'!; <ii’ Ttti: V.vuior.-^ Tvri:s and Dirm.-rsTi \n l>iAnN**sis* 

CnAunrs 0. AVctt.riiuTii. M.D.. and Aj.i:.n.\ndi:ij M.D. 

PiiinADr.nriUA. I’a. 


T HEKK is (Mmsidovaliti* (lisajrtvfUifDt in ihr litrraturt- r.tn**i‘)‘ninir tlo' 
cliararferisf ics and .‘^ijraifiranfr of jrallnp rliyUiiii and its ridatinii to tin* 
piiysittlopiral tiiivd lu*ar( stnnid. Th** difit*!'**iU'cs oi optiiioit at'<’ rlt‘ai*i\ 
.stated in Holt s' (‘.xeotloiit rt'viiov of tin* .s»)>j>*i‘t. Diirioir titi* jiast hnjr 
years we have lu'<>u e<v!!v‘e.tin*r vlinival material and aj^ptyint: variotis lahu- 
riitovy mot hods in an I'fiVfrt )*» </htain data hearing "ti liiesc jtnddenis. 

One <•!’ the dihliettitie.s etieunntered early in tlie wurh was that of ttllino 
oortain eases intn jmiper eatejrorie.s. Tin'ro is no donht as to the nsefidness 
of J’otain's' eiassifieation laised on time relalhms, in so far as it apjdies to 
l)rotodiaslolie iind presy.stftlic* o'lHop- Yin- ri'lal ionsliips of tin- type «»f 
oallop which he called mesodiaslolie, Innvever, iuive not la-cn clearly ile- 
tennined. itle.sodia.stolie fialhip. aeeordinir to Poltiiti, is either pri‘sysi»>lie 
or ])rotodiastolie oaDop wliieh haitpens to oeetipy a position in mid-diasttde 
hocanse oJ liieliyeardia. Tiiis \'iew was based on ansetilfatory studies ami 
the position oi diastolie tilliu" waves in ape.v eardiom-ams. jn*‘thods wliieh 
mnsl bn meopnized as inadeqnafe. Thus the (jm-stion tis to whetlter or tiot 
ine.sodiastolie p:a1lop deserves ree<i<rnition as ji dislinel ejdity. has up to 
tlic present lime remained nnansweml. 

From the above eonsiderations it seemed tltal tin- elassitiealion of <ml!op 
rhythm was not eom])letely .satisfaetory atid that the stihjeel re^pijred 
lurther investiption. We Jtavo therefore atteiipited to (darify the situa- 
m this report ofler wliat we. believe to he a iheoretieally sound 


PennKjivanVa! M.-.m-nl J>lvi.s-l,.r,. rfost.ltal ,.r 


Uu- Uoiwraitv of 
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and practical classification including both gallop rhythm and physiologi- 
cal third heart sounds." 


MATERIAL AND METHODS 

The observations on gallop rhythm and the physiological third heart 
sound constitute 25art of a more comprehensive study including the open- 
ing snap of mitral stenosis,® redinilication of first and second heart sounds 
and other sounds (exclusive of mui’murs) heard during the cardiac cycle. 
The material was obtained from all available sources, chieflj’’ hospital ward 
and outpatient departments. Private patients and University students 
referred to the Section for examination Avere also utilized. Most of the 
observations on Avhich this report is based were made in 70 cases, of which 
60 Avere classified as liaAong galloj) rh3d;hm, and 10, jilij^siological third 
heart sounds. For inclusion in the group, it Avas required not onh’- that 
the gallop or third sound be heard on auscultation, but also that it be 
clearly recorded by sound registration apparatus. All patients Avere sub- 
jected to fairly complete physical examination, and nearly all those with 
gallop rhjdhm Avere under obserAmtion for periods var3dng from seA’^eral 
Aveeks to four 3^ears. 

In all cases electrocardiograms Avei'e recorded simultaneousl 3 ’’ Aidth the 
sound registration. Especial care aa'rs taken to avoid parallax, so that the 
time relations and positions in the heart e3’’cle of the Amrious sound AA'aves 
could .be determined. The sound registoation methods used have been 
mentioned previously.® 


THE DIFFERENTIATION BETAVEEN GALLOP AND THE PHYSIOLOGICAL THIRD 

HEART SOUNDS 


Tha3mr^ and more recentU^ Gubergi’itz® have emphasized the similarit3" 
of physiological third heart sounds and gallop sounds. Gubergritz be- 
lieves, hoAA'ever, that there are certain diiferences in quality and intensit 3 ^ 
of the sounds. We have observed no essential diiferences in quality, loca- 
tion, time relations, or the influence of posture or various maneuA>'ers to 
alter the sounds. The only criterion aAmilable for differentiation, aside 
from the fact that physiological third heart sounds become increasingl3’’ 
rare Avith advancing age, is the status of cardiac function. MGien the 
cardiac function is obAdousl3^ altered from the normal, the sounds are 
arbitraril3’- classed as gallop sounds. If no abnormalit3’^ is detected, the 
sounds are regarded as ph3^siologieal third heart sounds. 

It Avould be more satisfactoiy if other criteria besides the status of 
cardiac function were aAmilable in 5’-outhful patients for deciding AAdiether 
a third sound should be designated as a ph 3 ’siological third heart sound or 


*The so-called systolic gallop rhythm is not considered in thi.s paper. These systolic 
sounds must have a fundamentally different mechanism of production from the 
sounds which occur during diastole. They are rarely heard, have apparently little 
clinical importance, and in order to avoid confusion .should be given a name winch doe.^ 
not include the term "gallop.” 



WOIiFKUTTI MAFGOIjTES : GALLOP RHA'TnjM 


443 


,s part oJ stallop i-hyllmi: The diffei-entmtion has considerable practical 
ntilitr The rather lend third sounds sometimes heard during hyper- 
tlivroidism, anemia, the active stages of rlicnmatic fever and oocasionollj 
in other infections, are clearly associated with these pathological states. 
Thev usually disappear, or at least become much less distinct, upon t ic 
subsidence of these conditions. Thus, they are a manifestation of disease 
and according’ to our present uoinenclaturc sliould be called gal op 

rbytlnn.- . . , . . t , i 

Physiological third heart sounds can be elicited in a considerable iier- 

eentage of children and j^oung adults provided the inetliods devised by 
Thayer-' are employed. If already present they can sometimes be greatly 
intensihedby these methods. Oeeasionally, however, instead of becoming 
louder the sounds A’anisli in left lateral doenbitns, ivliieli is ordinaiilj tlie 
position most eondneive to tlieir appearance. The group of 10 eases in- 
cluded in the present study was specially selected for sound registration 
since all had third heart sounds easily lieard in either dor.sal or lelt lateral 
deenbitns. 

CHARACTERLSTICS OP THE SOUND 


a. Qualify and Loudness.— -TluYd sounds (both gallop and physiological 
third sounds) are almost invariably dull and low-pitched. Tlic phenom- 
enon has frecpiently been described as a “thud” or "shock'’ wliieli can 
sometimes be more distinctly palpated than heard. t Tlie low vibration 
frequency of the main oscillations in sound tracings of physiological third 
sounds has been pointed out by Bridgcman.® Gallop sounds have a sim- 
ilarly loAv Adbration ■frequency. The .sounds are characteristically short 
in duration. 'When, however, two gallop sounds occur during the same 
heart cycle (protodiastolic and presystolic) and the lieai’t rate is such as 
to bi'ing them close together, the resulting sound may he reduplicated, 
prolonged or may actually resemble a short murmur. The loudness of the 
sounds varies widely. As a rule, they are miicli less audible than the first 
or second sounds and may escape detection unless the examiner has them 
in mind. Occasionally, however, the third sound may be louder than 
either the first or second sound or both. (Pig. 1 and Fig. 8, lower strip.) 

Kespiratory variations in the loudness of gallop or plij'siological third 
sounds are present in many eases and tend to be mneli greater than respira- 
tory variations in either the first or second sound. In some eases the sound 
may be quite loud near the end of expiration and either faint or absent 
Aidien the lungs are filled. (Fig. 2.) However, independently of respira- 
tion, th ere is remarkable variability and inconstancy of gallop, a cliar- 


Pliysk!jog?c.n fhi'rd^ieart sound betn'’preseurb4rm- that a 

morbid state. Such a sound may be acremuated merelv hv ^leyelopment of a 

ing the disease. Before designating the sound a<? if oii)^ ^ocbxmrdia acconipany- 

its presence, or at least, its accentuation was dne tn’tiL v demonstrated that 

tachycardia. i.v.eiiLu<n;ion was due to the disease and not merely to 

.sinilTumve"of‘"entnSr probably derived chiefly from the large 
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aeteristic wliicl) must iin]H-oss every one who .stutlies these sounds. TJiis 
])]icnoinenon is well exemplified in a lar^e "roup of cases excluded from 
the present study because of the fact that, although gallop sounds had 
been present at the original examination, they were either no longer pres- 
ent or so faint that they could not be recorded .satisfactorily when the pa- 
tients were sent to the laboratory. 

h. Location . — In tbe great, majority of ea.ses the gallop .sound is heard 
best in tbe neighborhood of the apex impulse. (P''ig. 3.) ■When the sound 
is faint, it may be .sbarjily limited to this position. When it is loud, how- 
ever, it may be heard over a considerable area. Occasionally gallop sounds 
are heard best over or just to the left of the lower end of the sternum. 



Fig. 1. — Incomplete heart-block and gallop rhythm occurring in a boy fourteen years 
old following an attack of streptococcic sore throat. (Continuous tracing.) Marked 
variation in amplitude of vibi-ations of gallop sound.s. The sm.'ill vibrations marked “a” 
are due to auricular activity alone. These were not audible. The protodiastolic vibra- 
tions in beats 1 and I of the lower tracing are little if any influenced by auricular activip'. 
In the last beat of the upper strip, and the second and fifth bents of the lower strip, auric- 
ular contraction falls at a time favorable for the production of vei-j' loud gallop sounds 
which not only have an amplitude far greater than either the first or second heart sound 
but on auscultation were found to be much louder. The variations in intensity of the 
first heart sound are due to varying A-V relations.’” 


Among our cases the sound was heard best over the apical area in 53, near 
the lower edge of the .sternum in 3 ; Avhile in 2 cases it was sometimes louder 
at the apex, and sometimes louder near the lower edge of the sternum. 

In all individuals with iihysiological third heart sounds whom we have 
studied, the third sound was heaz'd best in the region of the apex impulse. 
As in gallop, when the sound is loud, it may be well lieard over a consider- 
able area. 

c. Time Relations . — In the cases of tliii-d heart sound studied bj^ Bridge- 
man,® the interval between the beginning of the second and third sounds 
ranged from 0.13 to 0.18 second. Bi-idgeman noted that small presy.stolic 
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vibrations were also present in the sound records of 11 out ol 16 cases. He 
states that these “soiinds” are “generally” below the limit ol human 
audibilit 3 ^ Battaerd," and Michaud and Fleisch*' have also recorded these 
apparently subsonic presystolic vibrations. iVllhough these small vibra- 
tions are frequently recorded (Pigs. 1, 2. middle strip, 4 top strip), much 
larger sonic vibrations are found with the same time relations to auricular 
systole. (Fig. 4, bottom strip.) In such cases, a prcsy.stolie physiological 



Fig 2. — ^Pl^siological third lieart .sound. The top .strip iniistrsto« 
respiration. Wlien the lungs were emptied the H iwi .vV effect of normnl 

larger than when the lungs wert fll®e7 On aitsm tatinn vibrations were decidedly 
cidedly louder when the lungs were emptied S t, likewise de- 

the breath held. The third found vibration^' are essentKlIv 

cycle lengths are given to show that the variations ^ » "1® throughout. The 

^■‘ifiations in the third sound strip are 

presjstolic \ibrations (fl} fire recorded. 


in the second tmeing- subsonic 


third heart sound is audible and has tlie same characteristics as tlie much 
more common presystolic gallop sound. 

The time relations of the phy.siologieal third sound and gallop rhythm 

0.21 second (usually 0.13 to 0 18 seeoinF aftor. fh V - 
sound (uuj the second^ deliw^ 

™msta„ce the ttoe ro.atiou is „ui„t.iuod with one (a) 
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the period of 0.08 to 0.14 second after the 1)eg-inning of Die P-wavc of the 
electrocardiogram. 




**' Orthodiaprarn made in a i>atienl who exhibited both rig’ht and lel'l-.sided Ral* 
lop rhythm. The dots represent the two positions over which the pallop sounds were 
best heard. The position with reference to the heart is determined hy findinir tiie point of 
maximum audibility of the gallop sound, fixin^r a lead disc on this point by adhesive tape, 
its position on the anteroposterior silhouette by orthodiagraphy. Studies 
of this type made in fifteen cases of left-sided gallop all siiowed tlie gallop sound to 
have Its maximum audibility near the apex. 



Fig. 4. — Physiological third heart sounds. The upper tracing illustrates protodiastolic 
third sound (3) and subsonic presystolic vibrations (a). The lower tracing shows pre- 
systolic vibrations (3) which were clearly audible as a presystolic physiological third 
heart sound. 


Observations -were made as to the etfeet of heart cycle length on the time 
relations of the sounds. In 20 eases exhibiting presj^stolic gallop rhythm, 
no correlation was observed between cardiac rate and the interval between 




rate' being 2iPProximate\y^l0*0.*^*^i:)Se ^o^lhThiiTOrfecl'su^^^^ ft-iHop, tlio cardiac 

longed. On auscultation the sound was easX hoai-d gallop sound is pro- 
strips were obtained from the .same patient dlwb 4 two 

sounds were now clearlj' protodiastolic sbnr-tei- ir> Hbnllation. Tlie gallop 

vaViKuonffn thfdu^a^ onirint’e.waM^^^ with 

and the gallop sound (from 0.13 to 0.17 second 1 \vhirh lbn\vi second sound 

ceding cj'cle lengths. -onu> winch shows some relation to the pre- 
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tlie beginning' of tlio P-wavo and llie gallop sound. In protodiastolic gal- 
lop rhythm, ho\vcver, as in the ease of protodiastolic physiological third 
heart sounds, evidence can bo obtained that ])reeeding cycle length is a 
factor in detei-inining the duration of the intei-val between the .second and 
])rotodiastolic sounds. This can be shown by studies of individual patients, 
comi)aring the intervals in .sound tracings exhibiting different cardiac 
rates. The con-elation between cardiac rate and the interval was not close 
ior our entire group of ca.ses; .since the interval seems to be character- 
istically longer in .some than in othcr.s. Doubtlc.s.s, therefore, its duration 
is influenced by factors other than cardiac rate. Tji six cases of auricular 
fibrillation, exhibiting ])rotodiastolic gallop rhythm, variations in this in- 
terval of from 0.02 to 0.04 second were noted, the shorter intervals tending 
to follow relatively .short jn-oceding eyclc lengths, and the longer intervals 
relatively long 2 )receding cycle lengths. There i.s, however, no accurate 
correlation between the duration of the ijiterval and the preceding heart 
cycle. (Fig. 5.) 


THE CEASSIFU-ATION OF GAEEOF HHYTir^^I 

What later came to be known as i)re.systolic gallo]) rhythm was described 
by Charcelay" in 1838. Bouillaud"’ gave it the name “bruit de galop.” 
It remained for Potain,* however, to .separate gallop from other sounds, 
and to classify the foi-ms as protodiastolic, mosodiastolic and prosystolie. 

Our sound registration .studie.s, as well as those prcviou.sly made, con- 
firm Potain 's conception of protodiastolic and prc.sy.stolic forms of gallop. 
These sounds have the time relations Avhich have been mentioned above. 
The term iJi-esystolic is not .strictly accurate, since the sound which it 
designates is not nece.ssarily jjre.systolic. I'lius, when the auriculoA'en- 
tricnlar conduction time is prolonged, jiresystolic gallop is no longer 
actually presystolic in time. Its position depends on the time of auricular 
contraction.* 

We have never obsex-ved a mid-diastolic gallop .sound falling outside the 
time zones of pi’e.sy.stolic or protodiastolic gallop. IIoAvever, when these 
tAvo zones merge because of tachycai*dia, a gallop sound may be ixresent 
and fall near the middle of the diastolic pei-iod. Such a soixnd maj’ occnp.A' 
a position Avliieh is approximately mesodiastolie ; hoAvever, it is .I’nst as 
near to the ixi-eceding beat as pi-otodiastolic gallojx and to the folloAA’ing 
beat as presystolic gallop. If either lAi-otodiastolic or presystolic gallojA or 
both be present Avhen the i-ate is .sIoav enough to keep these time zones 


*On account of tlie .sanction conferred by longr usapre, it cloe.s not 
attempt to .substitute another name for “presy.stoIic pallop.” Ducliosal ha.s usea e 
term "auricular gallop”; although this term has certain advantages it is 1“^®" ' 
to objection, since it might readily lead to the misconception that the sound oiigmares 
-ivithin the auricles. Ducliosal has emphasized the point that it should not 
connotation. A fault in nomenclature analogous to that of presystolic gallop is louna 
in the strongly entrenched term "presy.stoIic murmur,” since this murmur, Jiae me 
gallop sound, is dependent on auricular contraction. The presystohe murmur, howei er, 
tends to be more prolonged than a gallop sound so that a greater delay in A-V conciuc 
tion is necessary to displace it from a presystolic position. 



woiiVKH'i'n 


and MAltnoMKS: (JAI.l.Of IMIVTIIM 


so„i,va(o, n i.uK'h ll,r ii..T|rint- t>c <lil.- 

tl„.y .„;i|„,, sauiuls rail ala.ul ll.a iiii.lilia ..r 

!,i. to lon,ll,a.u..l A-V ..on.lucli..,, li.a,. (wl.ial, ,„ay .■at.so ll.o 

luncl to 1... proto.liaaloiio in tin,,.). Thus ll.o ton,, 

Ion ” ivilieli coniiolcs a typo aoliai-alo Irom pn.loiliaaliilio atnl P" o. ■ ' 
oalio,,. is.uialoa,Ih,!: a.al .liaoanlo,!. Wo llporoloro proposo ll.al 



Fip. fi. — Minitr hcnvl-blDoU. .slimw iirrliyJliinla and j:!illni> rlivtliin. ‘I'ln- niil»‘r 

trat-info (taken durintr tlio nerlod of retardation In nite) alntWH Imth in-oKxUa.st.iHc < l*i) 
and presystollc (P:;) gallop. The lower traelii^' (taken dtirliiK the perlinl of aei-eh'rallon 
in rale) which was jiart of a continuous strip with the upper shows the siimninthm 
phenomenon (s). It is ohvious from comparison with the. second sound that tlie jrallop 
''"-'‘Ai jni-Kcr when summation Is present than when hoth proli>- 
luaslohc and ))rosyslo)ic pallop are recorded as seiiarate sound viliratlons. 


Ilie tjpe ol gall()]i ■wliich occurs us ;i I'cstill ol llu> coincidoncc til' ])r(»(o- 
(lioasfolic and auricidosystolic phcuoimuta 1)t‘ called smmnalion gjilloj)/ 
The evidence for Ihe occurrence of summalion is Imsed upon the HTect of 


ence of several stimuli producing a sonsUdV efTeet ti,'?'*’*, '‘Sttrepute inflii- 

is in this sense that we a mdv tl e hfotluce." It 

physics (as summation tone).' ^ ««*liei than in acrordanet. wltli Us tisapc In 




450 


TJ]K AMKKICAN" IlKAUT .TOUKNAL 


rale cliang-cs, including sinus arr]i.ylhinia, auricular librillaliou, Jiearf- 
block, ventricular and auricular extras 3 ^slolcs on gallop sounds.'^ 

1. Effect of Variaiionti in Rate . — In two cases exliibiliug both faint 
protodiastolic and presyslolie gallop sounds ^^'llen the heart rate was ap- 
proxiinalely normal, it was found that, as the heart rate was increased, 
there was a ci-itical level at which the two gallop sounds merged, with the 
production of a single comparatively loud sound. When the heart rate 
again fell below the critical level, the loud gallop sound disappeared, being 
replaced by the two faint sounds originall.y i)resont. In one of the cases 



Fig. 7. — In the upper tracing the cardiac rate was 100, and no gallop sound was re- 
corded. In tlie lower tracing made after elevating the rate to 120 by amyl nitrite so tnat 
auricular systole was superimposed on the protodiastolic phase of the preceding beat, « 
distinct gaflop sound appeared. 


the ci’itieal rate was sometimes attained during the phase of acceleration 


of sinus arrhythmia (Fig. 6). 

It was rejjeatedly noted, both on auscultation and in sound tracings, 
that the critical level at which a gallop sound appears oi’, if already present 
(either pres,ystolic oz* pi’otodiastolic) suddenly becomes loud, is the rate at 


»It has been shown that acceleration in the process of ventricular filling occure ^ f 
protodiastolic period immediately after ventricular relaxation and also lollowng a 
ular contraction. Most writers on gallop rhyOim support tlie view Uiat S'^Uop sounds 
in some way associated with waves of ventricular filling. Thus, when the two tact 
associated with acceleration of ventricular filling are superimposed, one nnght expect a 
single large surge of ventricular filling and tlierefore marked effects on gallop soun . 
In a suhseriuent paper we shall present new evidence bearing on this point. 
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wliieli auricitlar systole is superimposed upon the preceding protodiastolic 
period. (Fig. 7.) Tliis rate in our eases Avas usually Avithin the range of 
100 to 130, depending on such factors as the length of the P-K- interval and 
the duration of A'cntricular systole.". Doubtless also, the rapidity of iso- 
metric ventricular relaxation Avas a factor, but this could not be satis- 
factorily measured at rapid rates. t If the P-R interval Avas prolonged, the 
critical rate at Avhich loud gallop sounds occurred tended to be loAver. 
Thus in one ease, Avith a P-R interval of 0.22 second, the critical level at 
Achich the loud sound appeared A\-as bctAA-een 90 <nud 100 beats per minute. t 
2. Effect of Auricular FihriUniiou.—ln three ea.ses, heart sound studies 
Avere made during periods of regular rhythm and during auricular fibril- 



Pig. 8. — In the upper tracing: the cardiac rate is 12,5 and summation Ernlinn Qonna i-\\ 
recorded The sound vibrations are smaller tha ot eUIifr Am fmst or the 


lation. In one of these eases, during normal rhnhm the critical rate at 
Av ueh a loud gallop sound appeared Avas approximately 100. In the other 
Avo cases the critical rate Avas not determined, but the gallop sound Avas 
l^rates of 107 and 114. In all three, hoAvever, aurreular s^Xt 

the^production of the loudestyanor(sound^“^^^ necessarily the optimum rate for 

supeninposition of auricular contraeUon on the that, irrespective of 
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superimposed on the prolocliastolie zone, during: auricular fibrillaiion in 
the three cases, only fainl protodiastolic {rallop sounds were heard irre- 
spective of the cardiac rate or the length of the preceding heart cycle. 

(Fig. 5.) 

3. Effect of Incomplete Jleart-liloclc . — The efiect oi variation in ])osi- 
tion of auricular contraction on the inton.sity ol galloj) sounds \\as caie- 
fuHy studied in one case of incomplete heart-block. In tin’s case the dil- 
ferenecs in loudness of gallop sounds in suece.ssive beats was striking. The 
sound tracings shoived their time incidence to be in a range of 0.12 to 0.14 
second after the .second heart .sound. When the P-wave began in a range of 
0.02 second before to 0.02 second after the .second heart sound, the gallop 
.sound attained its ma.xinuim intensity. AVhen the P-wave fell outside but 
near this zone, either before or after it. the gallop sounds were of moderate 



Pis'. 10. — Durinfi: regular rliytlini, no protoOia.s-lolic tli.^lurbnnce is rccortled but thovo 
are .small sub.sonic pre.sy.stolic vibrations (p). in connection with certain premature 
auricular beats a sinple summation Kallop sounil (S> is recorded. AVben tbe auricular 
of ty'protodinstoTi’c p^^ "" K.'illo]) sound occurs, possibly because of curtailment 

intensity. When, however, the P-waves were ftir removed from the zone, 
the gallop sounds were comparatively faint. (Pig. 1.) 

4. Effect of Yentriculdv Extrasystolcs.—]n three eases with rapid rates, 
loud gallop sounds and extrasystoles, the loud gallop sound failed to ap’ 
pear during the compensatory jiau.ses succeeding premature beats, but in 
each case during such pauses there were present either protodiastolic or 
presystohe gallop sounds or both. On resumption of the rapid rcnilar 

eating the loud gallop sound immediately recurred. Thus when {uirie 
ular contraction was separated from the protodiastolic zone (as occurred 
during the compensatory pauses), tlie loud single gallop sound was re- 

riff' P'wstolic sounds, or both. (Fio- <) \ 

5. Bffec of Annular Eo^.rao,jololco.-ln one ease n-ith aurieular 
systoles, there was present (while the rhythm was restnlar) a faint nr . 
^js 0 1 C gal op sound, which began 0.14 second after the bee-im.ino- of the 
P-ivavc. There was no protodiastolic gallop Wlien m-run T “ • , 
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-If, I 

;i I ter I )i(' hcuidiiititr (t| (In* si-coiidhi’iirt sound. ( Fitr. lO.i In cjise 

('.Nliiliiliiiir jiuricnhir rxi nisystolcs ihiTf wns dlnrinsr n-iiulnr ihyllun) a 
prulodinstolic ^'.'illnp sound. luil I lu’ tnudu!,' also .showed snudi waves (proh- 
ahly sultsoide) at the lime presy.stidie trallop mio|d have heen e.xpiftfd. 
When anrieidar e.\t I'asvstoles oeeurre<l ,so that the premaliue auri(!uliu' 
heats Were .sujieriuiposed on the ]>rotodiastolii' period of tlio piaM’^fljn;.' 
lieat. a lout! pallop sound invarial)ly oeeiiri-ed. 'J’luts even the .stiperiin- 
po.siiii'M ol an aherrant aiudenlar eoulraefion on a {•rotodiasloli<; zone is 
eaj)ahle fjf produeiiii,' the suniiualion plienoiiieiiou. (!•'!". 31 .) 

If st'enis eld ireiy prohahh* (hat (In- summation ejlVet iidluenees the third 
heart sound in the .dmn? way that it does u'allop rliythm. althou'_di little 
(•[iporluiuty preseiilfii itself to to^t (Ids ))oint. hi eeriain eas<s the third 
sound did not appear until the rate was rapiti onouL'Ii for summation to 
oeeur. In a youn^r varsity oarsman with anrieidar e.xtrasy.stoles. some 
transmitted and others Idoehed. the third sounds were heard and reeorded 
only when (he ahei-raut anrieidar heat fell in the raimo' of ventrienlar 



protodiastole, irre.spcetive of whether or not the exlrasy.stole wa.s blocked. 
Thus the mechanism was similar to that illustrated in Fitr. 11. 

Fi'om the above ohservations it is appaient that wlien aurimdar systole 
heeonie.s superimposed oii (he protodiastolic zone of (lie preceding beat, a 
gallop sound may either appear for the first 1 inie, or if already jire.sont, be- 
come, greatly intensified. 1’hi.s intensilieation oeeurs irrespective ol 
whether the ])reeeding gallo]) sound or .sounds had been pre.sy.stolie. proto- 
clia.stolieorbolh. 

The hypotho.sis of summation gallop is therefore eonsi.stent with the be- 
havior of galloji rhythm under all the tests to Avhieh it was sub.ieeted. 
Furthermore, it appears to offer a rational e.xjilanation tor some of the 
supposed vagaries of gallop idiythm (such as its comparatively frequent 
oeeurrenec during tachycardia and during minor giaide heart-block). 

Till': IN’CIDI'lNOi: Ol’ Tin: A^ARIOUS TVPKS of C.AI.LOP RIIYTIIJt 

The comparative frequency of the various tytics of galloji rhythm has 
been discussed by Amrious writews, and statistics luiA’e been compiled based 



^YOTJFBRTII AND IMAKGODIES : GALLOP PHYTHM 

on auscultatory findings. Not nincJi eonfidenco can be placed ni these 
figures, not only because of unsatisfactory classification, but also because 
of the practical difficulty of accurate pcrce]fi.ion of time relations tbai 
presents itself in many cases without simultaneously recorded sound trac- 
ings and eleetroeardiogranis. 

ikmorig our 60 eases, 14 showed only protodiastolic gallop while tlicy 
were under observation and 22 only prc.sy.slolic gallop. The summation 
form was recorded in 24. In 7 of these, duo to constant tachycardia during 
the period of observation, no other manifestation of gallop was recorded. 
In the other 17, however, many of whom Avere under observation for ex- 
tended periods of time, the findings were varialilc. When the rate slowed so 
that summation urns no longer pi’c.sent, one of the following was recorded ; 
(1) no gallop sound; (2) pre.systolie gallop alone; (3) jirotodiastolie gal- 
lop alone; or (4) both presystolic and protodiastolic gallop. It is of in- 
terest that in 13 of the 17 cases, both presystolic and protodiastolic gallop 
were recorded (occurring either together or singly at A'ai’ious times). 
Analysis of all our tracings in the GO cases revealed the fact that at one 
time or another 29 had jirotodiastolie gallop and 37 presystolic gallop. 

Although the number of eases studied is far too small for stati.stical pur- 
poses, the figures ap])oar to indicate that there is no great, ditl'erence of ii\- 
cidence between protodiastolic and pre.sy.stolic gallop. Previous studies 
are contradictory regarding this point. Thus recently it. has been staled 
that “Avlien differentiation is ]iossiblc, it is found that the protodia.stolic 
gallop rh^ihm is much more common than any other timing, being .per- 
haps six times more common than the presystolic type while the niesodias- 

tolic tj’pe is rarer still than the presystolic Other writers bc- 

licA^e that presystolic gallop is more common than j)rotodiastolic. 

The unmistakable tendcucy for both pre.systolie and protodiastolic gal- 
lop to occur in the same case deserves emphasis. Isolated case reports of 
this association are available in the literature. 3’he fact, however, that in 
13 of our 60 eases both protodiastolic and presystolic gallop Avorc reeoi’ded 
establishes the close relationship betAAmen these two. Furthermore, it 
seems probable that if our studies of the Amrious cases had been extended 
over longer periods of time, more might have shoAvn this association.'^' 

Among the 10 eases classified as having the physiological third heart 
sound, the third sovuAd was protodiastolic in 9, a presystolic .sound Avas 
heard in only 1 ease, despite the fact that small presystolic vibrations Averc 
registered in several. 


niGHT-simcD oAimop KHA’Trur 

Potaitf. >* ,vas the first to describe right-sided gallop rlivtliin. He point 
ed ont that in right-sided gallop, tile gallop sound is heard best, not at tl,e 
ap^nt n, the noighhorliood oE the xyphoid cartilage. Polain associated 


*These obsei 


Pbythm are 


‘°ehuec"" varioxi.s type,, of gallop 
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rig'lit-sided gallop rhythm with dilatation of the right side of the heart 
and tricuspid insufficiency, but believed that the underljdng disease caus- 
ing right-sided cardiac dilatation was usually “ gastro-hepatie. ” He also 
stated that it tended to occur in patients with chlorosis. 

Several eases of right-.sided gallop have been reported since Potaiir's 
original obseiwations, but some writers .still believe that it is unsafe to 
state that right-sided gallop can be di.stinguished from left-sided gallop. 
Pezzi^'"' believes that the usual gallop is in all probability jiroduced in both 
sides of the heart. 

Among our 60 cases which exdiibited gallop rh.ythm, the localization was 
alwa.ys I'ight-sided in 3, and sometimes right-sided and sometimes left- 
sided in two. In 3 of the 5 cases the extra .sound rvas protodiastolic ; in one 
it was sometimes protodiastolic and .sometimes presy.stolic; while in one, 
summation gallo]) was ])resent. The ])atient with right-sided summation 
gallop had advanced imeumoconiosis and right-sided heart failure. At 
necropsy the right ventricle was found to be greatly dilated and the left 
ventricle little if any changed in size. In one of the two cases ivith only 
right-sided protodiastolic gallop, a clinical diagnosis of right-sided heart 
failure was made because of severe congestive phenomena from which, 
however, the lungs seemed to be spared. The other had hyperthju'oidism, 
auricular fibrillation and a very rapid ventricular rate. In this ease, how- 
ever, we were unable to determine whether there was disproportionate 
damage on the two sides. 

The twm patients who exhibited both right and left-sided gallop Avere in 
states of profound decompensation. One, during a short period, exhibited 
both right and left-sided gallop simultaneously. The other patient ex- 
hibited left-sided gallop for a time, then right-sided gallop and finally left- 
sided gallop again. During the period that right-sided gallop was i^iresent, 
there Avas no ijulmonaiy congestion diseovei’able but there was marked en- 
gorgement of the veins of the neck, congestion of the liver, and edema, this 
clinical picture suggesting a predominately right -sided heart failure. At 
necroi)sy both the right and left ventricles were found greatly dilated. 

These observations have left no doubt in our minds that there is a type of 
gallop rhythm which may properly be termed right-sided. This is based 
on (1) auseultatoiy localization of the gallop sound, (2) the fact that the 
localization can be confirmed b 3 ^ sound registration studies, and (3) the oc- 
currence of predominantbv right-sided heart failure in cases exhibiting the 
light-sided localization of the sounds. 

On the basis of the present status of our knowledge regarding plu'sio- 
logieal third heart sounds and gallop rhj’-thm the following schema of clas- 
sification is proposed : 

SCHEMA OF CLASSIFICATION 

1. Physiological Third Heart Sounds . — (Occur coinmonlj^ in children 
and young adults with no evidence of cardiovascular damage nor signifi- 
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ea.,t nitcratio,, in cardiac function. The .sounds arc cliaractcrislicalh' 

dull low-pitched, and are heard best near the ai)e.\.) 

(a) Protodiastolic.-Fall in the protodiastolic tune rone t.snalb he > - 
niiig ai2 to 0.21 second after the beginning ol the second hcail sot . 

Nea'^riy all cases belong to this group. _ 

(b) Presvstolic.-Bear a definite relation to auricular contraction Be- 
o-in 0 08 to 0.14 second after the beginning of the IMvave of the e ectro- 
Iirdiograin. While small vibrations arc commonly found in sound trac- 
ings, it^is only rarely that sounds can be heard. 

(c) Summation Form.— Occur only when time /.ones oi protodiastolic 
and presystolic sounds are merged because of tachycardia, sinus arrln 1 1- 
niia or auricular exti'asystoles. 

2. CrdUoi^ /f/ii/Zhia.— The term “gallop rhythnr ’ is to be applied only 
when there is evidence of eardiova.scular damage or significant alteration in 
cardiac function. The sounds are charaeteri.stieally dull and low-pitched. 
Gallop sounds are usually left-sided and arc heard best over or near the 
apex, but occasionally may be right -sided and heard best near the xyphoid, 
(a) Protodiastolic. — Pall in the protodiastolic time /.one usually be- 
ginning 0.12 to 0.21 second after the beginning of the second heart sound. 
Usually left-sided but occasionally right-sided. 

(h) Presystolic.— Bear a definite relation to auricular contraction. Be- 
gin 0.08 to 0.14 second after the beginning of the P-wavc of the eleetro- 
cardiogram.^ The right-sided type is very rare. 

(e) Summation. — Occur only wlien the time /ones of protodiastolic 
and pre.systolic gallop sounds arc merged, because of tachycardia, heart 
block, sinus arrhythmia or auricular cxtrasystoles. 

We believe that the above modification of Potain’s classification has the 
following advantages : 

1. The so-called mesodiastolie gallop is discarded, since no justification 
has been found for it as an entity apart from protodiastolic and presystolic 


♦In a recent paper Ducho.sal“ has cli.sens.secl the time relation.^ of tlie l’-\vaves of the 
electrocardiogram and auricular (presystolic) gallop souiuLs. .Since the values which 
he reports differ considerably from those obtained by other workers, including our.selves, 
it becomes necessary to analyze .such evidence as is available in the attempt to account 
for this discrepancy. Thus Duchosal, measuring from the pcolj of the P-wavc to tlic be- 
ginning of the gallop sound, found the range of these intervals to be -0.02 to +0.14 second. 
.Since the neak of the P-wave usually falls 0.03 to O.OG second nfter tim 



la saeciai iiiLeicHL m connecvion wiin inc snort intervals, since jjucbosa] believe.s tliat 
these have a bad prognostic significance. In his paper we find five figures to illustrate ex- 
tremely short intervals between the peak of the P-wave and the gallop sound In liis 
Figure XI, the only one ol the five in which the vibrations regarded as auricular (nre’- 
systoUc) gallop are not open to a que.stlon of interpretation, the time relations are within 
conventional limits, the interval between tlie beginning of the P-wavr.and the calloo 
0.08 second In his Figure IV the interval i.s also O-O^.^emnd, 

® it also within the range 

of protodi^tohc gallop In his Figure X, the vibrations regarded as representing aallon 
second after the beginning of the second sound. Even w th the Lit ex 
tieme grades of tachycardia, the interval is rarely less than 0 12 leconri 
experience has never been less than 0.10 second. The interval of o‘04 •Jeenn.f ' 

rLge"?i° Lt''SfsoLd\""m hTs'SrL'xifllL"^ "u" 

presystolic or auricular gallop sounL' ' ^ second) between P-waves and 
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gallop. isonree of confusion in the understanding of gallop rhythm and 
its classification has therefore been removed. 

2. The hypothesis of summation is in accord with all known facts re- 
garding gallop rhythm and the physiological third heart sound. Its use 
makes classification .sharply definitive, so that there is no difficulty in fitting 
cases into their proper categories. Furthermore, certain of the .supposed 
vagaries of gallop rhythm are reasonably accounted for by this hj^pothesis. 

DIFFERENTIAL DIAGNOSIS 

The characteristics of gallop rhythm and the physiological third heart 
sound which have been described above are sufficiently distinctive to make 
possible their differentiation from all other groupings of heart sounds. In 
the great majorit.y of cases purely clinical methods are adequate, no appa- 
ratus excejit a stethoscope being required. It is necessary to pa,y attention 
to the localization of sounds, their pitch, duration, and timbre. For these 
purposes, anseultation is far superior to any of the sound registration de- 
vices now available. In addition the examiner should educate himself to 
some appreciation of the differences in duration of short intervals. Ac- 
curate timing by graphic methods, although a satisfactory procedure, is 
necessary for diagnosis in only a small minority of eases. 

In our experience the following sounds have been confused with either 
gallop or physiological third heart sounds : 

(1) The opening snap of mitral stenosis; (2) mid-diastolic murmur; (3) 
presystolie murmur ; (4) reduplicated first heart sound ; (5) reduplicated 
second heart sound. 

(1) We have recently reported a study of the characteristics of the 
opening snap in mitral stenosis." It is differentiated by the following : (a) 
It occurs only in mitral stenosis, whereas gallop rhythm is very rare m 
mitral stenosis and does not occur if the stenosis is well developed, (b) It 
is a short, sharp sound, (c) Its point of maximum audibility is in the third 
or fourth interspace over the body of the heart and not at the apex, (d) It 
tends to fall closer to the second sound, although the longest intervals over- 
lap the shortest intervals in gallop rlij-thm or the physiological third sound. 
There is, however, a fundamental difference in time relations since the 
opening snap occurs before venti-icular filling has begun ; whereas gallop 
and third sounds always fall near the summits of waves of ventricular fill- 
ing. Occasionally the diagnosis cannot be decided by clinical methods. 
Under such circumstances a simultaneous record of heart sounds and apex 
cardiogram will be necessary for differentiation. 

(2) Mid-diastolie murmurs sometimes occur in mitral stenosis when the 
rate is rapid. On superficial examination these may simulate the summa- 
tion type of gallop rhythm. However, the utilization of the various 
methods for influencing gallop sounds and diastolic murmurs (changes m 
position, cardiac rate, exertion) usuallj' makes differentiation possible. 
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Tlie gnllop send retains its eliaractcrisUcs, parlicnlarlj- ll.at ot Itemg 
fairly quicklT daniDcd, allliongl. its loudness may clnnigc considc .il h . 
ivliereas the murranr lends lo he prolonged and lias a dcei-eaecndo qn, , ^ 
Furthermore, gallo]) .sounds are lioard be.st nearer the ai)eA limn the 
murs of mitral stcnosi.s. In donbtfnl cases the presence of other signs sug- 
gesting mitral stenosis is strong presumptive evidence lor the murmur. 
Simultaneous graphic records of .sounds and a])cx cardiogram shoiv that 
the murmur of mitral stenosis begins at the onset of ventricular filling 

rather than at the summit o f t he wa ve. 

(3) In several of our cases, presystolic gallop sounds were mistaken 
for pres 3 'stolie murmurs of mitral stenosis. Tu no inslamm was a jirosys- 
tolic murmur mistaken for galloj). The pre.s.vstoHe gallop is a low-pitchctl 
short sound nsnall.v clearly separated from the first, .sound (iinle.ss the A-\ 
interval is vciy short), whereas jire.s^’.stolic murmurs tend to he longer in 
duration and crescendo in riualitj’ running up lo the first sound. 1 he dil- 
ferentiation can usually be made by llic an.sciiltatory clmracteristies in- 
cluding localization of the sounds, but the jirc.senee or absence ol a.ssoei- 
ated signs of mitral stenosis is also an important differential point. 

(4) The clinical dilTerentiation between pres.vstolic gallop and redupli- 
cation of the lir.st heart .sound is occasionall.v diftieiilt and in certain cases 
impossible. The qnalit.y of .sounds and location do not offer dependable 
criteria for differential ion. The time relat ions arc most import nut. 'I’hus 
in some cases it can be determined that, the sound is aelnalh* ^iresystolic. 
coming before ventricular contraction. Another point, of value is the in- 
terval between .sounds. In reduplication of the first .sound, this interval 
does not tend to c.vcocd 0.07 second even in ca.scs of bundle-branch block. 
Inmost eases of ]iresystolic gallop rhythm, the intervals range between 
0.08 and 0.14 second, 'When A-V conduction defects are pre.sont . tlie ini er- 
vals are still longer. If, however, the P-K interval is sliort (0.12 to 0.14 
second) the split between the gallop and first heart sound may he no wider 
than that of reduplicated first sounds. Tims a wide split between sounds 
constitutes strong evidence for gallop rhythm ; a narrow split has no value 
as a differential point. Under these circumstances a simnllancon.sly re- 
corded sound tracing and electrocardiogram may be noce.s.sarv for a 
decision. 

(5) Reduplicated second sounds arc ea.sily dilfercntiated from nrolo 
diastohe or summation gallop rhythm and physiological third sounds bv 
the following characteristics: (a) Reduplication of the second sounds 
occas.„„a,ly be well hoard at the a„ex, ,™t its n.axi,,,.,,,: , ^ , 

at the base and rarely as low as the fourth intcrsuace. fhl i \ 

arc shorter, sharper and higher in pitch tlian gallop sounds (e) The 
^'als between the ,two eomponeuts of split .second ordsm! ^ T' 

shmer than thoao hetwoou aocond SOU.4 a.Kl 

There are three other types of so..„d .hielfsho,!,.! 
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dif¥erential diagnosis. These are (a) pericardial frictions; (b) the rather 
common clicking sounds wliieh fall between the first and second heart 
sounds,* and (e) the so-called systolic gallop sounds. Friction sounds are 
differentiated by their characteristic rough or scratching quality and the 
fact that they are usually heard both in systole and in diastole, tending to 
he loudest during systole. Systolic gallop and the sj'-stolic clicking sounds 
both fall between the first and second heart sounds. The clicking sounds 
have no resemblance to gallop sounds, and the differences in quality are 
sufficient to differentiate them. Systolic gallop sounds, however, are simi- 
lar in quality to the types of gallop which occur during diastole. Their oc- 
currence during systole and the fact that they are heard best over the 
aortic area clearly differentiate them. 

SUMMARY 

1. The only available criterion for distinguishing between physiological 
third heart sounds and gallop rhythm is the status of cardiac function. 
Both types of sound are accentuated by the same procedures. They have 
similar time relations, quality and intensity. Their positions of maximum 
audibility are identical except that right-sided physiological third heart 
sounds are unknown. 

2. Gallop and phjuiological third heart sounds invariably fall in either 
the protodiastolic or the aurieulos 3 ’’stolic time zone. 

3. When these two time zones become superimposed, either as a result 
of tachj’-eardia, minor grade heart block, sinus arrhjffhmia or auricular ex- 
trasystoles, gallop sounds ma^' either appear for the first time, or, if already 
present, become markedly accentuated. This effect is so pronounced as to 
constitute a summation phenomenon. 

4. The hj'pothesis of summation is in accord with all known facts re- 
garding gallop rhjdhm. Moreover, it offers a rea.sonable explanation- for 
some of the valuations in gallop sounds hitherto unaccounted for. 

5. A classification of phj^siological third heart sounds and gallop 
rhjUhm, based on Potain’s classification of gallop rhjdhm, but altered to 
correspond with objective phenomena, is proposed. The erroneous con- 
cept of mesodiastolic gallop is discarded, and summation gallop is recog- 
nized. The classification abolishes the practical difficulties, heretofore en- 
countered so frequentBq in placing cases into proper categories. 

6. There appears to be no great disparitj" in the incidence of pre.sj’^stolic 
or protodiastolic gallop. Summation gallop is little if an,y less frequent. 

It can be produced in cases with either of the other t^^pes of gallop, or in 
cases with a predisposition to gallop, bj’" the simple expedient of accelerat- 
ing the cardiac rate enough to bring about superimposition of protodias- 
tolic and pre.S3utolic events. 

7. Potain’s conception of right-sided gallop rhjdhm, disputed bj^ certain 

*We have de.signate{l the.se sounds "mid-systolic clicks.” 
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observers, lias been eonfinne*] by onr invvslii»alioi)S. It frn<ls fo occur m 
cases (>xliibilin}r]m'()ominanfly rif'bt-SHlet] lieart failure. 

S. In the ditTerenfial diafrunsis of j,'n!)oj) rbytlini aini tbc pliysifilo^'ical 
ibiril heart suuiul. errors liav«‘ been eucotmtorc<l inv<)lvintf one or anofb<‘i 
of the follnwin'r: (1) Die ftjuniinir snap of mil rnl stenosis; iU) mid-dins- 
folic, imirmur: (-‘ll presyslolie murmur: (-1) reduplicated tirst heart 
sound: (5) reduplicated scettml heart sound. Other possible sources oi 
error are (a) jierieardinl friction .sound; (h'> mid-sy.stolic click; ami (c; 
the .s'o-ca lied systolic mdlop rhythm. In the L'leaf majority oj cases dif- 
ferentiation is jiossihle by clinical methods ;dom‘. In occasion, al cas< s. 
however, accurate fimiti'jr reuuirintr trraphi<’ methoils is m'cess.try. 
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P-WAVE CHANGES IN ACUTE CORONAEY ARTERY 

OCCLUSION«‘ 


Akthur M. ]\'Iaster, M.D. 

New York, N. Y. 

pHANGES in the P-M'ave of the electi’ocardiograni during an attack of 
^ acute coronary arteiy thrombosis seem not to have been reported. 
That a definite change occurs, however, in tlie auricular complex null be 
demonstrated by a review of the last forty eases treated at the New York 
Hospital, New York. A typical example Avill illustrate these changes in 
the P-wave. 

Case 1. (301,532) A Greek, forty years of age, Avas admitted to the NeiA’ Tork 

Hospital at 10 p.sr., October 11, 1031, for severe precordial pain. That day, about one 
hour after liis lunch, the patient eoinnieneed to haA-e prccordial pain AA'hieh radiated 
to the back and doAA-n tlie left arm to the linger tips. He rested in bed, his symptoms 
abated, and after supper he AA’cnt for a AA’alk. The pain suddenly returned AA'ith great 
severity, and he immediately took a taxicab to the hospital. The physical examination 
on admission reA'ealed a Avell nourished and AA’ell developed individual “AAvithuig and 
tAAusting Avith pain” and Avith a cj'anotic grayish color. The heart Avas regular, the 
rate 66 beats per minute, and the heart sounds AA’ere faint. The patient AA’as very sick. 
He Avas dyspneic, the precordial pain Avas marked, SAveating Avas profuse, the lungs Avore 
congested at the bases, the patient coughed. Because of the severe precordial pain, 
morphine sulphate Avas administered in one-fourth grain doses every four hours until the 
fifth day after admission Avhen onlj- one dose AA’as given. On the sixth day the patient 
Avas definitelj’ better, but there Avere still some pain, sAveating and restless sleep. The 
next daj’ Avas his first “comfortable day.” The temperature on the day of admission 
AA’as 99° P., on the third day it AA'as 103° P., and then it gradually fell to 99° P. on the 
eleventh day. The pulse rate corresponded to the temperature, ranging from 120 beats 
per minute on the third, to 60-70 per minute on the ninth day. The blood count on the 
third da3^ in the hospital disclosed a leucoej’te count of 15,300 AA’ith a polymorpho- 
nucleosis of 81 per cent, but on the seventh day the count Avas normal. The blood 
Wassermann test AA’as negative. The urine Avas normal. On the daj’ after admission the 
blood pressure AA'as 100/80 mm. Hg, and at the time of discharge from the hospital it 
Avas 120/70 mm. Hg. A teleroentgenogram of the chest, Avhich Avas taken October 16, 
1931, the sixth day, shoAved an enlarged heart AA’ith a concentricallj’ hj’pertrophied left 
ventricle, and shoAved also signs of chronic passive congestion in the lungs. On No- 
vember 4, 1931, in a second film, the lungs Avere clear. The patient convalesced un- 
eventfully and Avas discharged from the hospital on November 6, 1931, Avith the diag- 
nosis of thrombosis of the coronaiy arterj’. 

The first eleetroeardiograni Avas taken October 13, 1931, less than forty- 
eight hours after admission. It showed a normal sinus rhythm, rate about 
100 beats per minute (Fig. 1). The voltage of the QRS group was mod- 
erately low. The striking features Avere the abnormal S-T intervals and 
the large P-AvaA’es. In subsequent records the rate became sloAver, the A’olt- 
age of the QRS gradually higher, the T-AA’aA^es in Leads I and II became 

♦From tlie Cardiographic Laboratory, Ncav York Hospital, NeAv York. 
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In 32 cases out of the 40 studied there were similar changes in increased 
size of the P-waves during the early days of the acute coronary artery 
thrombosis (Table I) . The P-waves were not onlj’- relatively enlarged but 



often absolutel 3 r increased as well. In normal individuals the P-wave JS 
under 2 mm. in height in any lead. Lewis and Gilder^ in 52 normal peoji e 
found that the P-Avave AAms ncA’^er 2 mm. high ; i. e., the maximum v as 
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1.7 mm., mid tlie averngc height of the P-wavc ivaa 1 16 mm. in Lead II>e 
derivation in which it was highest. Pardee* considers a. P-wai e of 2 
or more to he abnormal. In a series of 250 normal individuals on whom we 
took electrical tracings at Cornell University Medical College, only eig i 
individuals had auricular complexes of 2 mm. height (3 per cent) , whereas 
among the forty patients under consideration there were actually sixteen 
individuals whose P-waves measured 2 mm. or more in the first days ot 

their illness, a percentage of 40 (Table I). 

It is felt that, unlike the P-wave in mitral stenosis, the auricular eoniplcx 
in acute coronary artery thrombosis varies primarily in amplitude. It is 
usually a sharply peaked wave (Pigs. 1 and 2) . Occasionally, however, the 
P-wave becomes wide and notched or has a double summit. In four of oui 
patients notching occurred ; in two eases the P-wavc became both vide and 
notched. In only one of these six eases was the amplitude increased. Tliese 
variations occurred during the early days of the coronary artery closure, 
just as did the variations in size. 

Not only is the maximum amplitude of the P-wave in acute coronary 
artery closure of interest, but also it is instructive to follow the variations 
in size or shape which occur in a series of electrocardiograms of the same 
individual (Table I). It has been found that beginning often on the very 
day of onset of the acute coronary artery closure and continuing to about 
the third, fourth or fifth day thereafter, the P-wave has the largest amiili- 
tude, and that from about the sixth day on the P-wave returns to normal. 
These figures and those that follow must not be taken too literally, for in 
many of the eases tracings were taken not daily but rather every other day, 
and occasionally there were no records for the first feiv days of the illness. 

The P-waves were larger at a time Avhen there was clinical and electro- 
cardiographic evidence of acute coi'onary artery closure with severe cir- 
culatory embarrassment. Table I shows the times of appearance of the 
increase in the size of the P-ivave, of its recession to normal, of RS-T 
changes, T-wave inversions, and also the days on which proof was obtained 
of severe myocardial and circulatory failure (such as congestion in the 
lungs, cyanosis of finger tips or lips, liver enlargement, severe dyspnea 
or orthopnea). Systolic blood pressure beloAv 100 mm. Hg, considerable 
preeordial or chest pain, leucoeytosis (10,000 white blood cells or morel 
fever (100“ F. or more), are also listed. The da,v on which the coronal',’ 
ai-ten- accident occurred is tabulated as 1 and hence the Arabic mimcrals 
on the chart indicate time in days in relation to this first day. 

• seem to show that if severe circulatory failure is present as 

indicated by cyanosis, congestion of the lungs, enlarged liver etc then the 

;x" I's.zszz 

isr/M crMNoTn” 0 fo)*'* tr a”™- 

e (Acs. 17. to 40) circulatory failure was found 20 times 
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coronary artery occlusion occurred is considered the first day and is tabulated 1, the second day of illness 2. the 
*»ln these cases the change in the P-wave was a notching or double summit, not an increase in size. 
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and corresponding- to this there Avere changes in the P-ivave in 14 of these 
20 eases. Henee all together there -were 36 patients in -whom circulatory 
failure Avas CAudent, and in 30 of these (83 per cent) P-Avave changes Ai^ere 
recorded. 

It is interesting to reAucAV the six eases in Avhich there Avas no change in 
the P-AA^aA^e to correspond to the clinical finding of circulatory failure. In 
case No. 19 (C. Co.) onlj’- four records Avere taken ; Avliereas the aA’-erage for 
each patient for the entire series of 40 Avas nine. In ease No. 27 (P, He.) 
there AA^ere no tracings for the first fiA^e days. Hence there remain 4 cases, 
i. e.,No. 28 (J. Ho.), No. 29 (H. Ja.),No. 35 (M. Eo.), andNo. 37 (W. Sc.) 
for Avhich no explanation can be offered for the absence of change in the 
P-AvaA’^e of the electrocardiogram. 

The change in the size (or shape) of the P-AvaAm Avas associated not only 
Avith clinical signs of acute eoronaiy thrombosis but Avith the electrocardio- 
gi-aphic signs as AAmll. ES-T abnormalities occur immediately after an 
acute coronary arteiy closure and usuall.y last for a feAV days. They re- 
cede about the time T-AvaAm inA’'ei*sions appear. In this studj’- 30 cases 
Avith striking ES-T deviations AA'ere found, and in 28 of these the P-AvaA^e 
Avas larger Avhile these Avere present than diu’ing the period Avhen T-Avave 
inversions appeared. 

The P-AvaA^e Avas largest in Lead II in practically all of our cases. The 
P-waA’^e Avas also prominent in one other lead but to a smaller extent, so 
that the variation in this AvaA’^e Avas cAudent in combinations of Leads I 
and II, or Leads II and III. TAventy times the P-Avave Avas most prominent 
in Leads I and II and on 11 occasions in Leads II and III. 

Further details of the electrocardiographic changes Avere as folloAVs: 
Abnormal T-Avaves Avere present in all cases but tAvo, and Avere the most 
common of all the changes found in these cases of acute coronary artery 
closure. ES-T intei'vals Avere abnormal in 30 joatients ; QES AvaA'^es alone 
in 16 patients ; P-E intervals, i. e., prolongation of the auriculoventricular 
conduction 9 times ; large Q-Avaves in Lead III 8 times. A left axis deid- 
ation (left Amntricular preponderance) Avas observed 23 times, a right axis 
deviation (right ventricular preponderance) 3 times. 

The aA'^erage age of all our patients Avas fifty years. There Avas only one 
female in the entire series. 


DISCUSSION 

It is very surprising that there should haAm been no description of the 
P-AA^ave in acute coronary artery occlusion. A cursory glance at the il- 
lustrations used by authors®’ * Avho haAm made comprehensive reAueAVS of 
the subject of acute coronary artery thrombosis Avill sIioaa^ numerous 
examples of high Amltage P-AvaA’es. 

The mechanism of production of the increase in size in the P-Avave in 
these cases requires explanation. This increase may be due to change in 
position of the auricles or perhaps due to a transient enlargement of these 



elianibers. 
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Howovra-, Ihcvo was nsiially »« ”> 

vanti-icles, nor in the size o£ the QES complexes, and Ihcse are ns^ ly 
altered wdtll cltongc in heart position. Again, j£ rotation of the amic . 
tmiVl mijht expect an inversion of the P-wave as oeevtrs, oi 
example, in Lead III of the cleetroenrdiogram in obese patients ivhcic 
fliaDlirairni is elevated. 

There is strong possibility that tliC enlarged P-wave represents anric- 
nlar dilatation and perhaps hypertrophy. Atler closure oi a coronal} 
artery the auricle has a greater function to i'nirdl, since the ventricle ns 
injured. This seems the more plausible Avlien one recalls wliat liappens in 
the heart of a dog after a coronary artery has been hgai cd. 'J'lie involvoc 
area of the A*entriele is practically paralyzed, it becomes cyanotic and di- 
lated, the ventricular contractions arc feeble. 

Another explanation may be that increased intra -auricular prc.ssuio 
produces auricular dilatation. Vi'ith tlie fall in systemic ]>rcssure a stasis 
may occur in the great veins of the neck, and the auricles, being in int iinatc 
pressure and volume relations ndth tliem, u'ill sustain a rise in the iulra- 
auricular pressure, and dilatation of the.se chambers will follow. Clinical 
experience supports this theory, for the large P-wavc.s appear Avlicn there 
are signs of a’^cuous engorgement such as large tender livens, dilated cervi- 
cal A'-eins, congestwe rales at tlie lung bases. 

There Avere only eight patieiAts among the forty in Avliom there Averc 
no changes in the size of tlie P-avoa'C. Only a variation of at least 0.5 nnn, 
Avas considered a change. Considering the limits of an iin’cstigation of 
this sort and considering tliat 32 eases out of 40 showed vnriation.s in size, 
and occasionally in the shape of the P-Avavc, and tiiat. 1 hose eluingcs corre- 
sponded to and varied Avith the clinical (83 per cent) and elect rocardio- 
gi-aphie findings (93 per cent) that occur in acute coronary artery closures, 
it is felt that the P-Avave abnormalities are a result of changes produced 
in the aiii'icle or auricles by the acute coronary artery thrombosi.s. The 
left auricle is probably the chamber most frequently affected, since the 
left A^entricle is most often injured. Perhaps this is tlie reason tlic P-Avave 
changes occur more frequently in Leads I and II tlian in Leads II and III. 

The P-wave changes have been found very lielpful in making an electro- 
cardiographic diagnosis of coronary artery occlusion. Very frequently, 
single equivocal tracings, as for examjAle, one shoAving iso-electric tflati 

™t « big P wat is 

fust the P-wave IS larger than normal and that when it becomes smaller it 
eacUes .ts nsnal size. However, no direct proof has boon addnecd I 
hat the P-wave m the first few days of an aente coronary avterv ocel, sS. 
.S larger than the individnaPs P-wavo before the acciint 1 “ 
smee. however, the P-waves of 2 mm. or more oocnrred in ! llMX 


percentage than normally, it seems reasonable to bcire;; 


are 
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abnormally large P-waves for these patients and that the subsequent 
smaller size of the P-waves is probably their normal size. Using the same 
reasoning on the 24 cases in which the P-wave was never 2 mm. in size, it 
seems logical to assume that this wave in the early claj^s of illness is rela- 
tively large and that later when it becomes smaller it reaches the normal 
for the patient. In the table, then, the word “large” signifies either a 
relative increase in size of the P-wave or a relative and absolute increase, 
and the word “normal” refers to its subsequent smaller size."* In some 
five or six private eases in which electrocardiograms were available before 
the acute coronary artery thrombosis took place it was clearly apparent 
that the first P-waves were relatively or absolutely increased in size and 
the subsequent smaller waves Avere a return to normal size. 

SUMMARY 

In 40 eases of acute coronaiy arterj’- occlusion definite changes in the 
P-waAms occurred in 32 patients (80 per cent). These changes consisted 
for the most part in increase in amplitude of the P-wave of at least 0.5 mm. 
and occasionally in notching or widening of the auricular complex. In 
16 patients (40 per cent) the P-Avaves measured 2 mm. or more in height 
in some lead. 

The change occurred more frequently in Leads I and II rather than in 
Leads II and III, but always in Lead II. It is suggested that P-AAmA'^e 
changes in Leads I and II are associated Avith left auricular dilatation. 

The P-Avaves were larger in the first few days of acute illness Avhen 
cyanosis, congestion of the lungs, enlarged liver, severe dyspnea or orthop- 
nea were present, and became smaller Avhen there Avas recovery from cir- 
culatory failure. The P-Avaves were larger when RS-T changes were pres- 
ent and returned to normal when T-waAm inversions appeared. 

There is CAddence that the larger P-Avave early in acute coronary artery 
disease is indicatiAm of a dilated auricle, and it is suggested that this 
chamber takes over a portion of the work of the injured Amntricle. 

The increase in size or the change in shape of the P-AvaAm is one of the 
electrocardiographic signs of acute coronary artery occlusion. 

I am indebted to Dr. Harold E. B. Pardee for his interest in this study and for 
many valuable suggestions. 
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CLINICAL OBSERVATIONS ON THE DYNAMICS OF 
VENTRICULAR SYSTOLE 

IV. jMiTKATj Insufficiency and ]\Iitrai. Stenosis 

Harold Feil, M.D., and Donald D. Forward, M.D. 

Clfatsland, Ohio 

O^HE recent reports oC experimental studies of the cardiodynamics of 
1 acute and of chronic mitral insufficiency^ = and of acute and of chronic 
mitral stenosis- ^ have made desirable a correlation ofthe cluucal u t 
the experimental findings in these valve lesions. V ilh this ob.icctn c 1 1 . 
clinical study was made. 

mitral insufficiency 

Djmamically, mitral insufficiency caused by iheumatic .scarring lias long 
been recognized as a benign lesion (Mackenzie). Experimental study of 
the effect of aeute^ and of ehronic= mitral insufficiency in dogs has shoivn 
that the lesion is well tolerated, provided the insufficiency is not too great. 
From optical records taken of the pressure changes in the left -auricle, left 
ventricle, aorta, and pulmonary artery in acute mitral insufficiency' it was 
sho\m that systolic and diastolic aortic pressures fall for two to four beats 
following the production of insufficiency, resulting in a diminution of the 
pulse pressure. After a brief period equilibrium was cstabli.shed at a re- 
duced level and the pulse pressure was restored to normal, restoring tlio 
normal systolic discharge of the left ventricle. After the lesion was pro- 
duced, auricular pressure rose and remained elevated at a constant level. 
It was concluded tliat the left ventricle quickly compensates for tlie lesion 
and thus restores a normal halance of the systolic discharges of the right 
and left ventricles. Little regurgitation was shown to occur during the 
isometric period, because of the briefness of this phase, and most of the 
lealc takes place dnring ejection and in early diastole. As long a.s the 
cardiac muscle rvas efficient, no hack pressure effect was felt liy the right 
heart and the pressure in the pulmonary artery remained normal. Tlie 
duration of the systolic phases was .shown to be practically unaltered— once 
the lesion was stabilized. A veiy .slight lengtliening of the isometric period 
was noted in the first cycle following production of the lesion, the pliase 
returning to normal or lengtliening sliglitly immediately. The variation 
was never more than a few thousandths of a second. Immediately after 
insufficiency was produced the ejection period was slightly shortened and 
then was immediately restored to normal. 

Chmcal ObsereeiMiis.— Fill cell j-oimg patients with dmieal es-iaenco of 
m*a msnffie.ency .vei-c the subjects of this study. The diagnosis of 
mtial msnffle.cncy was made on the following evidence: (1) histovy of 
iheumattefever : (2) cafdiae enlargement ; (3) a blowing systolic mur'mm- 
a^apex wh.ch is transmitted to the axilla replacing the first heart 

o( ClevslaiJe.'^ Medical Clinic ami Eleclrocardioaraplilc Laboraloix or Mt. Sinai Hosnital 
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sound or following it ; (4) ortliodiagrapliic evidence of mitral insufficiency 
— enlargement of the left ventricle and dilatation of the left auricle. In 
no instance Avas there clinical evidence of active infection or of failure, and 
the blood pressure was within normal limits. The method of study has 
been given in a previous report.® Briefly, the measurements of the phases 
of the cardiac cycle were made clinically from simultaneous records of the 
heart sounds and of the subclavian pulse. Lead II of the electrocardiogram 
was recorded at the same time to cheek the cardiac mechanism. The heart 
sounds when recorded at the apex show the systolic and diastolic murmurs 
well, but the first and second heart sounds Avere often buried and could not 
be accurately used for purposes of measurement. When the stethoscopic 
attachment is moved away from the apex toAvard the midline the sounds 
are accurately recognized. In Table I the results of the average measure- 
ments of the phases of the cardiac systole are given. The previous diastole 
was measured in all instances. The cardiac mechanism Avas normal and 
was checked eleetroeardiographically. The isometric period Amried from 
0.017 to 0.065 sec. (aAmrage 0.032 see.) . In one case the loAver figure (0.017 
sec.) was slightly under the minimum normal as given by Wiggers and 
Clough® and b}^ Katz and Peil.® In all other cases this phase Avas Avithin 
normal limits but with a tendency to be nearer the lower figure. 

The aveimge ejection phase was noi’mal, vaiying from 0.189 to 0.255 
see. Total systole (Col. 5) may be compared Avith the calculated systole 
(S = 0.31 V c. Col. 6). In all instances the calculated S exceeds ejection 
by 0.007 to 0.043 sec. (averaging 0.025 sec.) which is the usual difference in 
normal persons and represents protodiastole. 

Summary . — Total systole and the chief phases of systole (isometric and 
ejection periods) were measured in fifteen patients with clinical eAudence 
of mitral insufficiencj^ of rheumatic origin. In all instances total systole 


Table I 

Mitral Insueeiciency 


CASE 


J.M. 

C. E. 
P.V. 
P. G. 
A. S. 
A.L. 
M. H. 
A. K. 

D. S. 
A. K. 
T. J. 
M.B. 
C.B. 
J. D. 

E. S. 


HEART 


ISOMETRIC 


EJECTION- 


TOTAL 


CALCULATED CALCULATED 
SYSTOLE SYSTOLE MINUS 


RATE 


PERIOD 


PERIOD 


SYSTOLE 


(s = .31v'c) 


78 

78 

81 

86 

87 

88 

89 

90 

94 

95 
100 

104 

105 
109 
116 


0.030 sec. 
0.031 
0.034 
0.048 
0.026 
0.027 
0.024 
0.040 
0.065 
0.047 
0.023 
0.033 
0.021 
0.018 
0.017 


0.255 sec. 
0.232 
0.242 
0.237 
0.227 
0.232 
0.245 
0.208 
0.228 
0.208 
0.219 
0.201 
0.222 
0.189 
0.215 


0.285 sec. 

0.263 

0.276 

0.285 

0,253 

0.259 

0.269 

0.248 

0.293 

0.255 

0.242 

0.234 

0.243 

0.207 

0.232 


0.271 sec. 
0.270 
0.266 
0.258 
0.257 
0.255 
0.257 
0.251 
0.245 
0.246 
0.239 
0.235 
0.234 
0.230 
0.222 


ejection 


0.016 sec. 
0.038 
0.024 
0.021 
0.030 
0.023 
0.012 
0.043 
0.017 
0.038 
0.020 
0.034 
0.012 
0.041 
0.007 
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mental studies in ti.is lesion tis prodneed nentely lit i.\ iggos »nd 

MITRAIj stenosis 

Tliis valve lesion lias been prodneed cxpcviincnUilly by a number ol in- 
vestigators Katx and SiefreP studied tlie effects of acutely produced 
steno'sis, and Powers, Pilcher and Botvie< studied the efteet. o ehvouie 
stenosis. The various methods ol production ot the cxpcninental lesuiu 
and the study of the djuiamics have been reviewed by tlic latter aut tors. 
The results of the various experimental worlcers liavc varied, Ihose ot 
Katz and Siegel who produced acute stenosis of the mitral valve confirnicd 
the work of some of the earlier investigators. Tliey found that the heart 
rate ivas slowed in some instances. Total systole, and with it ejection of 
both ventricles, was abbreviated equally in most of the experiments. 
Therefore it was eoncluded that this change was not due directly to tjie 
valve lesion but rather was due to the diminution in coronary flow because 
of the fall in aortic blood pressure. Further, left auricular pressure was 
elevated and with it an increase in the magnitude of left auricular contrac- 
tion. The pressure maximum of the left vent ricle was decreased, resulting 
in a fall in systolic, diastolic and pulse pressures in the aoi'la. Variable 
pressure effects were noted on the right side. Occasionally pre.systolic 
vibrations were seen on tlie curves recorded from the left, ventricle. An in- 
crease in rate of ffiliug of the left ventricle occurred as evidenced by the 
steeper gradient of the left ventricular pressure curve during diastasis. 
Powers, Pilcher and Bowie'* made observations on five dogs with experi- 
mentally produced chronic mitral stenosis. In four of these animals the 
cardiac output ranged from 104 c.c. to 230 c.c. per kilogi'am per minute 
which figures are Avithin normal limits. The output of tlie fifth animal was 
. distinctly elevated, being 323 c.c. per kilogram per minute. Tlie basal 
pulse rate was increased in four mstaiices and normal in the fifth. The 
blood pressure ivas elevated in only one case. 

Clinical Ohservaiions.—Twonty-one patients with conclusive clinical 
signs of mitral stenosis were the subject of this study. Twelve patients 
had normal mechanism and nine patients had auricular fibrillation all 
confirmed by electrocardiograms. In Table 11 is seen the duration of the 
phases of systole together with the heart rates which varied from 61 to 94 
Both the isometric and ejection periods were ndthin normal limits (iso 

Total systole ivas normal (from 0.248 to 0.324 sec.). Calculated svstok 

e.„o. 0, tbe .b. J 

this fact was clouhtlc,... resaonsiWe 
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Table II 


Mitral Stenosis, Normal Mechanism 


case 

NO. 

HEART 

RATE 

ISOMETRIC 

PERIOD 

EJECTION 

PERIOD 

TOTAL 

SYSTOLE 

CALCULATED 

SYSTOLE 

(s = .31Vc) 

CALCULATED 
SYSTOLE MINOS 
EJECTION 

5 

61 

0.043 see. 

0.281 sec. 

0.324 sec. 

0.305 sec. 

0.024 sec. 

9 

67 

0.012 

0.236 

0.248 

0.292 

0.056* 

8 

72 

0.038 

0.268 

0.300 

0.282 

0.014 

1 

74 

0.045 

0.239 

0.284 

0.284 

0.045 

7 

75 

' 0.064 

0.255 

0.310 

0.277 

0.022 

4 

76 

0.025 

0.254 

0.279 

0.275 

,0.021 

10 

76 

0.032 

0.268 

0.301 

0.275 

0.007 

2 

81 

0.026 

0.243 

0.269 

0.268 

0.025 

12 

81 

0.067 

0.243 

0.310 

0.268 

0.025 

6 

82 

0.047 

0.241 

0.288 

0.265 

0.024 

11 

91 

0.039 

0.217 

0.257 

0.251 

0.034 

3 

94 

0.028 

0.228 

0.259 

0.247 

0.019 


•Patient had evidence of greater reduction of cardiac reserve. 


Table III 


Mitral Stenosis, Auricular Fibrillation 


CASE 

NO. 

HEART 

RATE 

ISOMETRIC 

PERIOD 

EJECTION 

PERIOD 

TOTAL 

SYSTOLE 

CALCULATED 

SYSTOLE 

(s = .31 Vc) 

CALCULATED 
SYSTOLE MINUS 
EJECTION 

15 

55 

0.069 sec. 

0.261 sec. 

0.330 sec. 

0.322 sec. 

0.061 sec. 

14 

69 

0.056 

0.198 

0.254 

0.290 

0.092 

12 

76 

0.119 

0.190 

0.309 

0.275 

0.085 

11 

90 

0.044 

0.200 

0.244 

0.253 

0.053 

10 

93 

0.061 

0.181 

0.242 

0.248 

,0.067 

9 

94 

0.093 

0.173 

0.266 

0.247 

0.074 

8 

96 

0.069 

0.182 

0.251 

0.245 

0.063 

5 

111 

0.036 

0.194 

0.233 

0.228 

0.034 

2 

151 

0.047 

0.128 

0.175 

0.195 

0.067 


that in clinical mitral stenosis with normal mechanism no A^ariation occurs 
in the duration of the chief phases of systole or in total s^'^stole. Table III 
shows the findings in the nine patients who had in addition, auricular 
fibrillation, but who had no evidence of congestiv'e circulatory failure. The 
heart rates varied from 55 to 151 and the blood pressure was Avithin normal 
limits. The isometric period Amried from 0.036 to 0.119 see. Avith an aAmrage 
of 0.07 sec. and was therefore slightly lengthened. Ejection Amried from 
0,128 to 0.261 sec. Total systole A'aried from 0.175 to 0.330 see. "Mdien the 
calculated systole is compared with ejection, it is noted that the difference 
between these tAvo figures Amried from 0.061 to 0.092 sec. (aATrage 0.062 
sec. ) . This is in excess of the normal difference ( 0.028 sec. ) and represents 
the shortening of ejection and AAnth it total systole (preAuously reported in 
patients with auricular fibrillation) This shortening is due to the lack of 
the auricular contribution to A'entricular filling which results in a reduc- 
tion in the initial A’olume and tension of the left A'entricle. 
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discussion 

Climeal mitral insiifflckncy, as is the case in the cxperimcnlal tmule 
lesion, does not approeiaWy altev the duration ol the J«omctnc.mn1 o,icd o 
phases ot systole. Likewise total systole falls wiflnn normal lim Is ^^ he 
the duration ol ejection is siihtracted from the calenlated systole, the nol- 
mal difference is found (protodiastolo) . Clinical mitral stenosis, with nor- 
mal mechanism, likcMOse did not show any deviation from the normal ex- 
cept in one instance (Case 9) where some degree of failure was present. 
This isolated abbreviation of systole we attribute to the clement of failure. 
These normal figures are in agi’cement with the findings in the acute exjicii- 
mental lesion where the slight abbreviation of systole was found 1o be due 
to the interference with coronary flow. When mitral steno.sis Avas associ- 
ated with auricular fibrillation, abbreviation of c.ieetion and of total systole 
occurred. This we believe was due to the lack of synergic auricular con- 
traction and the absence of the auricular eontrihutiou to ventricular filling. 
We may conclude that stenosis of the mitral valve alone docs not alter the 
dynamics of left ventricular systole. To compensate for the uarroAved 
opening auricular liypcrtrophy occurs and the initial volume and leusiou 
of the left ventricle are not lessened. This is in agreement witli patho- 
logical findings in this valve lesion — an hypert.rophied and dilated left 
auricle. In the clinic we find little or no reduction in tlie pulse volume in 
mitral stenosis unless cardiac failure or auricular fibrillation occurs. 

SUAIMAllY' 

Patients Math mitral valve lesions M'cre studied by means of the Wiggors 
modification of the Pranlv capsule and the measurements of the chief phase.s 
of systole M^ere compared Avith the duration of those phases calculated from 
the formula S = .31 \/ c from Avhich tlie folloAving conclusions Avere drnAvn : 

Miti al loisufficicncy . — Tlie duz’ation of the isometric and ejection phases 
and of total systole Avere Avithin normal limits Avitli one exception. 

Mitral Stenosis.- In eleven of the twelve cases Avitli normal mechanism 
the phases of systole and of total systole Avere normal. In one instance Avitli 
slight failure, ejection and total systole ivere abbreviated. In nine patient s 
Avith auricular fibrillation but Avith no signs of failure the phases of systole 
and total systole were shortened. These clinical ilndings arc in agreement 

Avith recent e.xperimental data. 
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HEAET DISEASE IN GENERAL MEDICAL PRACTICE* 

PrelimiNx\by Report of Morbidity Sur\tsy Conducted by the New 
York State Department op Health 


J. V. DePorte, pH.D.t 
Albany, N. Y. 


TTEART disease is the leading cause of death in this country. In 1929 
A -L almost a quarter of a million deaths in the registration area of con- 
tinental United States were aseiubed to diseases of the heart — ^more than 
double the m 6 rtalit 3 ^ from cancer, which was second in numerical im- 
portance. 

The death rates of the forty-six registration states ranged from a 
minimum of 90 per 100,000 in Oklahoma to a maximum of 304 in Vermont. 
A rate below 100 was recorded in one other state — ^New Mexico, 92 ; twen- 
ty-five states had rates between 100 and 200 and eighteen states between 
200 and 300 (Pig. 1). 

Various factors are responsible for this great variation in the rates; 
one, the age composition of the population, is self-evident. Since the 
death rate from heart disease increases udth age, a state with an old popu- 
lation, because of this fact alone, Avill have a higher death rate than a state 
with a young population. The Aveight of the age composition can be easily 
evaluated numerieall}^ — relating the death rates to the proportion of per- 
sons in the population who were more than forty-five years of age, we find 
the coefficient of this correlation to be most significant : -fO.832 ± 0.031. 

In 1928, the latest year for Avhich the information is available, heart 
disease was ninth in importance among the causes of death of children 
between one and ten years of age, pneumonia being first, followed in order 
bj^ accidents, diarrhea and enteritis, diphtheria, influenza, tuberculosis, 
measles, and whooping cough. BetAveen ten and fifteen years, heart dis- 
ease was second, accidents being first. In the age group fifteen to twenty- 
four years, heart disease Avas fifth, accidents being first, followed by tuber- 
culosis, pneumonia, and puerperal causes. Heart disease was third in the 
next age group, tAventy-fiA’^e to thirt.y-fiA’^e j^ears, tuberculosis leading, with 
accidents second. Between thirt 3 ''-fiA’^e and forty years, heart disease AA'as 
second and tuberculosis first. At all ages after the fortieth j^ear, heart 
disease held first place. 

The percentage of deaths ascribed to heart disease in the registration 
states increased quite uniformty Avith age, Avith the exception of a singular 
peak at ten to fourteen j^ears (Pig. 2). This relativety high mortality 
was not unique for 1928 ; the corresponding figui’es in the preceding j’^ears 
demonstrate the same fact. BetAveen fiA’-e and fortj^ j^ears, heart disease 


•Read before the Vital Statistics Section of tlie American Public Health Association 
at the Sixtieth Annual Meeting at Montreal. , ,,, 

tDirector, Division of Antal Statistics, New Y'ork State Department of Health. 
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was relatively more important among females than males; in tlie^ age 
groups forty to forty-four years and “seventy-five years and over” the 
ratios for the sexes were the same, Avhile in the other age groups the per- 
centage was higher among males. 

Although most of the deaths from heart disease occur at the farther end 
of life, the number of deaths in the younger ages is by no means small. 
In 1928, for example, the deaths of 30,675 persons under forty-five years 
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causes: typhoid fever (5,62?), dSes 

peral state (15,691). cuaoetes (21,^47), diseases of the puer- 

Mortahty From Heart Disease in Netv York Rfnfp mi • • 

causes of death in the state of New York in 19^0 i ^ leading 
per 100,000 population) ; cancer, aulrLodaVr”' I>'=art disease (277 
(102) ; accidents (81) ; acute and olivn • Pneumonia, all forms 

Iosis,allfo™s (71). " (T7) ; and tubercu- 
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In 1900, heart disease, with a rate of 133, was fourth among- the causes 
of death, being preceded bj’’ tuberculosis (217), pneumonia (217), and 
diarrhea and enteritis, all ages (148), (Fig. 3). 

, In the course of thirty years the death rate from heart disease more 
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Pig.. 2. — Deaths from heart disease per 100 deaths from all causes, by sex and age, 

registration states, 1928. 
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iriET 3— Death rates per 100,000 population, from leading causes. New York .state, 
*’■ ■ 1900, 1910, 1920, 1930. 


than doubled, while mortality from the other causes either ro.se by a 
smaller increment (cancer from 67 to 123, or 84 per cent; accidents fiom 

78 to SI) or decreased (Fig. 4). _ . 

The mortality from heart disease lias been mounting steadily since tJie 
beginning of the century with the exception of 1905, 1908, 1939, 392/, an 
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1930 The recession of tlie death rate in 1927 may be explained by Ihe 
fact that the high rate of 1926 .vas a direct consequence of ^^ally 
severe weather in February, March, and April of that year. In 1919 as a 
sequel to the influenza epidemic, the contingent of , 

disease was considerably reduced; the drop in the rate in 190o, 1908, anc 
1930 similarly followed the uncommon prevalence of influenza and pneu- 
monia in the immediately preceding years : 1904, 1907, and 1929. The 
death rate from heart disease in the latter year was the highest ever re- 
corded in the state — ^the January rate (421.7) establishing the present 
maximum for any month. The dii'eet beailng of influenza and lespiratoii 
diseases on the mortality from heart disease was demonstrated by an an- 


alysis of the death certificates for the state, outside of New York City, 
for January, 1929. Of the 2,345 deaths attributed to heart disease as a 
primary cause, 247 were eomplieatcd with influenza, 179 vnth broncho- 



pneumonia, and 265 with other respiratory diseases— a total of 691 with 
influenza and other respiratory complications; in January, 1928, the 
corresponding number was 190. The excess of 501 represents almost’ two- 
thirds of the difference in the January deaths in these two years. 

Plan and Scope of Heart -S'a.rvei/.— Quantitative studies carried out in 
recent years indicate that from 2 to 4 per cent of the people are afflieted 
mft heart disease A survey of sietaess- vvas comluotod by the New York 
State Department of Health in 1927, in which more than one hundred 
physicians, seiwmg a population of one hundred thousand, reported each 

oalTe 2elis 3 2 l f T ■*’* >-<=Portnblc commnni- 

sex.^ cases of iie^rt diseartoMM wHl T17 

was represented by only 312 cases. ’ * « entire reportable group 

an"ral"„'ltl:TtLtl particular-from 

me size of the problem to a study of details. The state- 
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ment that from four to eight million people in this eountry, including a 
large number of children and young adults, suffer from heart disease, is 
naturally followed by the cpiery : What is to be done about it? Experts 
tell us that ‘ ‘ from the point of vieAv of prevention and relief” it is essential 
to realize the complex nature of heart disease and here “from practically 
every point of view, information is inadequate.”® 

Certain clinics and hospitals have done a great deal of good work in an- 

SURVEY OF MORBIDITY FROM DISEASES OF THE HEART 
Confidential report by.. M. D. Date. 

O. 


Name of patient jVgc. Sex. Color,. 

Single Married .Widowed Divorced,... Country of birth.. Occupation ... .v....; 

Have others in family heart disease,’ Ycsl No. Unknown.... If so, what U'as their age when disease was 


discovered 

Etiology 

1 Rheumatic fever 

Date of first attack ... 

2 Chorea .... 

3 Syphilis. — 

Date of chancre... 

4 Other infection (specify organism) 

State nature of infection (diphtheria, etc.) 


5 Congenital 

6 Chronic high blood pressure 

7 Thyroto.ricosis.. - 

8 Other causes (specify). 


9 Etiology unknown 

xo Ncrv'ous heart 


Pathology 

1 Pericardial disease: (a) Inflammation..,.. (b) EfTusion..........:-.....^ 

2 Damage to valves, state valve affected. - 

3 Aortitis Aneurism... - - 

4 Damage to coronary vessels. — 

5 Damage to mj'ocardium - - 

Course of patienPs disability 

State date or age of patient at beginning of: 

(a) Cardiac sj-mptoms — 

(b) Occasional rest in bed. — 

(c) When patient first became bedridden. — — — — — 

(d) When patient became permanently bedriddea — — 

Type of treatment 

1 Removal of foci of infection: (a) Tonsillectomy. (b) Other foci (specify) - - 

2 Anti'luetic treatment — — 

3 For hypertension — - - 

4 Cardiac treatment: (a) 'Ey drugs. (b) By rest - 

5 Other treatment - — — — — — 

Remarks: (Use reverse side if necessary) 

Fijgr. 5. 


alyzing and making public their experiences 'with cardiac patients, but 
here it is the more advanced stages of heart disease that are dealt with. 
It is the general pi-actitioner who sees the early sjonptoms ; his observa- 
tions are certainly as worthy of study and may produce as valuable re- 
sults as the more detached conclusions of specialists. Since cases of heart 
disease are not reportable, facts from private practice can be collected 
only with the voluntary cooperation of physicians. That such cooperation 
may be secured was demonstrated by the two surveys of general morbidity 
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;i .Vm. ^ r>vonosal foi' a survey of morbidity from heart dis- 

tlie Association as wen as of the State Medical Society, ^ 

The survey commenced in Januaiy, 1931, and duiiUo ■ 

months of the year reports were received from 186 physicians practicing 

in urban and 110 in rural eommunities—a total of 2J1>. 

The purpose of the general questions in the report form (1 ig. o } , as u eii 
as those relating to etiology, pathology, and tjqic of treatment, needs no 
elaboration. The section relating to the course of the patient s disability 
was inserted ivith the hope that if the answers are sufficiently numerous 
and complete it may he possible to make a mathematical determination of 
the important stages in the life of a cardiac patient. 


GENERAL RESULTS 

This paper will be limited to a provisional anlysis of the 1,934 cases re- 
ported in January to June, 1931. No reference ivill be made to the course 
of the patient’s disability or to the type of treatment employed. It is 
hoped to discuss these facts, as well as details of the other items, in a 
subsequent study. 

Sex and Conjugal Gondiiion . — The distribution of the cardiac eases ac- 
cording to the sex and conjugal condition of patient is shown in Table I. 


Table I 


MAKITAL CONDITION 

TOTAL 

JIALE 

J'EAIjVLE 

Total 

1,934 

933 

1,001 

Single 

453 

227 

226 

Married 

1,0G2 

555 

507 

Widowed 

3G2 

125 

237 

Divorced 

15 

4 

11 

TTnlmown or not stated 

42 

22 

20 


There is no special significance in the excess of married men and 
Avidowed women ; this is very likely a reflection of the relative size of these 
classes in the general population. According to the census of 1930, tliere 
were in the State of Ne^v York 2,761,908 married men and 2,738,973 mar- 
ried women. Similarly, the number of ividows, 522,983, was more than 
aouble the number of ividowers, 197,157. 

Color and Jfuffciij/.-The majority of the 1.934 patients were white 
the colored numbering only 27 (negroes, 22; other colored, 6). Among the 
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Table II 


COLOR AND NATIVITY 

TOTAL 

MALE 

FEMALE 

Total 

1,934 

933 

1,001 

White 

1,907 

919 

988 

United States 

1,504 

719 

785 

Total foreign 

255 

131 

124 

Austria 

3 

2 

1 

Canada 

29 

18 

11 

Denmark, NovAvay, Sweden 

7 

3 

4 

England, Scotland, Wales 

25 

14 

11 

Germany 

39 

18 

21 

Hungary 

2 

9 

2 

Ireland 

32 

17 

15 

Italy 

48 

22 

26 • 

Poland 

46 

25 

21 

Eussia 

11 

5 

6 

Other foreign countries 

13 

7 

6 

Country not stated 

148 

69 

79 

Colored 

27 

14 

13 

Negro 

22 

10 

12 

Other colored 

5 

4 

1 


Occupation. — Of the 938 males, the occupation of 43 was not stated ; of 
the remainder, 90 Avere under tAventy years, practically all of AA'hom had no 
stated occupation. The percentage distribution of the remaining 800 over 
twenty years of age Avas as f oIIoavs : 


Total 100.0 

No occupation 19.6 

Farmers 13.4 

Unskilled laborers 11.0 

Skilled laborers 10.0 

Merchants, retail dealers, “business men” 7.0 

Clergymen, physicians, larvyers, teachers, 

members of other professions 6.1 

Clerical workers 6.1 

Factory operators 4.3 

Salesmen, including retail clerks 2.5 

Chauffeurs, truck drivers, delivery men 2.0 

Eailroad workers 1.9 

Insurance and real estate agents 1.7 

Caretakers, watchmen, janitors 1.6 

Gardeners 1.3 

Factory owners, managers, officials 1.3 

Foremen 1*3 

Other occupations 8.9 


The occupation of 28 of the 1,001 females AA^as not stated. Deducting 
those under tAventy years, practically all of whom had no stated occupa- 
tion, Ave hatm 868, regarding whose occupation some definite statement Avas 
entered. The percentage distribution by occupation AA'as as foIIoAA's : 
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Total 

No oeeupatiou 
Housewives 
Teachers 
Clerical workers 
Nurses 

Domestic and personal sernec 
Factory operators 
Other occupations 


100.0 

12.8 

70.2 

3.0 
2.9 
2.9 
2.8 

1.0 

4.4 


Most oS the persons without ocenpation were over sixty years: 103 of the 
157 males and 84 of tlie 109 females. 


Under 10 years 


10-19 years 


20-29 years 


30-39 years 


40-49 years 


50-59 years 


60-69 years 


70 years and 



Pig. c. — ^Percentage distribution by age of patients in iicart survey and of deatlis from 
heart disease in upstate New York, 1030. 


Agre. — ^In Table III is shown tlie distribution of 926 males and 992 
females according to age (tbe ages of 7 male and 9 female patients iverc 
not given) ; and in Fig. 6 tbe percentage distribution of all deatlis from 
heart disease in upstate New York in 1930. 

Tbe curves of eases for both males and females have a low point in the 
youngest age group, rising to a maximum at sixty to sixty-nine years and 
declining in the oldest group “seventy years and over.” 

Tbe percentages of morbidity and mortality are strikingly different 
except in tbe age group sixty to sixty-nine years in wliieh they are prac- 
tically tbe same ; 26.0 per cent of the males being in this group, in which 
occurred 25.1 per cent of the deaths; among the females, the correspond- 
ing percentages are 22.1 and 21.4. Under forty years is found one-quarter 
of all male eases as compared with 5.5 per cent of the deaths; among 
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females, 29.9 per cent of the cases and 5.8 per cent of the deaths. In the 
oldest group “seventy years and over” faU one-fifth of the patients and 
almost one-half, 4t.4, of the total male deaths; among females, 16.8 per 
cent of the eases and 55.3 per cent of the deaths. 


Table III 


AGE 

TOTAL 

MALE 

FEMALE 

CASES 

DEATHS 

CASES 

DEATHS 

CASES 

DEATHS 

Total 

1 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

! 

Under 10 years 

3.2 

0.7 

3.1 

0.7 

3.3 

0.6 

10-19 years 

7.2 

1.0 

7.1 

1.0 

7.3 

1.1 

20-29 years 

8.1 

1.4 

7.0 

1.3 

9,1 

1.5 

30-39 years 

8.9 

2.6 

7.5 

2,5 

10.2 

2.6 

40-49 years 

12.0 

6.5 

9.8 

7.2 

I 14.1 

5.8 

50-59 years 

18.5 

13.3 

20.0 

14.8 

17.1 

11.7 

60-69 years 

24.0 

23.4 

26.0 

25.1 

22.1 

21.4 

70 years and over 

18.1 

51.1 

19.5 

47.4 

16.8 

55.3 

Average age 

51.5 

67.6 

52,9 

66.7 

50,3 

68.7 

Median age 

55.7 

70.3 

57.7 

69.0 

53.5 

71.7 


The average age of all patients was 51.5 j’-ears; males, 52.9 and females, 
50.3 ; the corresponding median ages were 55.7, 57.7, and 53.5. The aver- 
age ages at death from heart disease in 1930 were 67.6 for both sexes, 66.7 
for males and 68.7 for females; the corresponding median ages were: 
70.3, 69.0, and 71.7. 

ETIOLOGY 

The etiology was indicated in practically all of the reports ; the distri- 
bution of the important types by sex is shoivn in Table IV. 


Table IV 


ETIOLOGY 

NUMBER 

PEE CENT 

TOTAL 

MALE 

FEMALE 

TOTAL 

MALE 

FEMALE 

Total 

1,872 

907 

965 

100.0 

100.0 

100.0 

Congenital 

45 

23 

22 

2.4 

2.5 

2.3 

Eheumatic infections 

511 

221 

290 

27.2 

24.3 

30.0 

Syphilis 

86 

65 

21 

4.6 

7.2 

2.2 

Other acute infections 

272 

127 

145 

14.5 

1 14.0 

15.0 

Arteriosclerosis 

164 

90 

74 

8.8 

9.9 

7.7 

Hypertension 

376 

161 

215 

20.1 

17,8 

22.3 

Thyrotoxicosis 

67 

11 

56 

3.6 

1.2 

0,0 

Other factors 

134 

74 

GO 

7.2 

8.2 

G.2 

Unknown 

217 

135 

82 

11.6 

14.9 

8.5 


N. B. Kheumatic infections comprise: rheumatic fever, 409 ; 42 • 

27: other infections: streptococcus (mainly scarlet fever), 57 ; teeth, 43 ; innuenza, iz, 
pneumonia, 32; diphtheria, 23; typhoid fever, 14; unclassified, Gl. 
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In 27.2 per cent of the eases, rheumatic infection .vas given as the etio- 
logical factor. Hypertension was next, 20.1 per cent; other acute in ^ec- 
tions, 14.5 per cent; arteriosclerosis, 8.8 per cent; syphilis 4.6 pei c , 
thyrotoxicosis, 3.6 per cent ; congenital, 2.4 per cent. The etiology of 1 . 

per cent of the cases was nnlmoivn CPig. 7 ) • 

The proportion of sj^hilitic heart disease among males was more than 
three times that among females, and there was also a greater prevalence, 
though not to the same degree, of the arteriosclerotic heart. Rlieiimatic 
heart was more prevalent among women. 


111 Ages 

Under 10 years 
10-19 years 
20-29 years 
30-39 years 
40-49 years 
50-59 years 
60-69 years 
70 years and over 



**** Congenital Arteriosclerosis 

□m Hhevunatlc ES Hypertension 

S Syphilis ES niyrotoadcosls 

HtB Othe’- Acute Infections SSS Other rectors 

C3 Etiology Unknown 


Pie. 7.— Percentage distribution of cases in heart surrey by age and etiology. 


The leading etiological factor under twenty years was rheumatic infec- 
tion, 64 per cent; other acute infections being second, 15 per cent - and 
congenital third, 10 per cent. Eheumatic infection held first place in tlie 
next age group twenty to forty years, 44 per cent; followed by other acute 
mfections, 21 per cent; and etiology unknown, 9 per cent. At toy to 
28 n combined with hypertension was in first place 

tionrthW 'w hi(ec- 

kypertemioi, ^ver^inakatea pVTe'f ‘ f™’ “d 

ana mlmown etiology m 15 per eeat w I’ f 

aa a dividing line fte leading etiological typefoThlra" “cir 
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percentage distribniion under fortj- and over forty, as well as the median , 
ages, are shown in Table V. 


Tahle V 


ETIOLOGY 


UNDEIt 
40 YEAKS 


OVElt 
40 YEARS 


MEDIAN 

AGE 


Total 

27.4 

72.6 

00.7 

Congenital 

55.0 

44.4 

30.0 

Elicumatic infections 

52.1 

47.9 

38.6 

Syphilis 

20.0 

SO.O 

51.6 

Other acute infections 

35.S 

64.2 

51.8 

Arteriosclerosis 

3.1 

96.9 

65.0 

Hypertension 

4.0 

96.0 

64.8 

Thyroto.vicosis 

27.3 

72,7 

47.1 

Other factors 

22.0 

77.4 

55.0 

Unknown 

18.1 

81.9 

62.0 


Cases of rheumatic heart were only slightly more numerous among the 
younger patients. Syphilitic heart Avas four times more preAmlent after 
fortj' years, AAdiile practically all eases of arteriosclerosis and hyper- 
tension fell in the older group. Cases of unknoAvn etiology, eonteary 
to the findings in some clinical studies, Avere largelj' represented in the 
older group. 


PATHOLOGY 

A definite statement of pathological changes Avas made in 1,826 cases. 
The distribution according to sex is shoAAn in Table VI. 

Damage to Amh'^es represented about one-half of the specified types; the 
proportion being markedlj'’ greater in females than males. In practically 


Table VI 


PATHOLOGY 


Total 

Damage to valves 
Mitral 
Aortic 
Tricuspid 
Mitral and aortic 
Mitral and tricuspid 
All valves 
Valve not stated 
Damage to myocardium 
Damage to coronary vessels 
Aortitis 
Aneurysm 
Pericarditis 


NUMBER 

TOTAL 

MALE 

FEMALE 

1,826 

893 

933 

888 

402 

486 

693 

306 

387 

51 

24 

27 

6 

3 

3 

96 

52 

44 

4 

3 

1 

14 

7 

7 

24 

7 

17 

528 

248 

280 

361 

212 

149 

28 

14 

14 

13 

10 

3 

8 

7 

1 


PER CENT 


TOTAL 

MALE 

FEMALE 

100.0 

100.0 

100.0 

48.7 

45.0 

52.1 

28.9 

27.8 

30.0 

19.8 

23.7 

16.0 

1.5 

1.6 

1.5 

0.7 

1.1 

0.3 

0.4 

0.8 

0.1 
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All Aco» 

Under 10 yenre 
10-19 yenTB 
20-29 yonr* 

30-39 yenrs 
40-49 yejiTB 
EO-59 yeorB 
60-69 yoaTB 
70 yoaTB and over 




llliilllillllllS55==ir 


Tnlves ■■ liyocardltra (IXU Coronary TobboIi P =1 

Other CD Patholoor Kot Stated L I 

FIr:. S. — Percontapo dlstrilnitlon of cases In lieart survey Dy apo and palliolopy. 


Congenital 


jOioumatlc 

Syphilis 



Other Acute Infoctlono 
ArterloBclerosle 
HyportenBlon 
HiyrotordcoBlo 

Other Factors 
Etiology Unknown 



ValToe mm Myocardium dm Coronary VobboIs B 
Other ^ Pathology Kot Stated CTJ 
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^,188 

all, tlio inilral vahv was invohTrl. ('illx'r alr»no or in oonihinalion with 
otlu'rs. 

Tho iMTvalciu'o ol' valvular df'lVcts was inversely related to 0 "^. Of the 
.188 patients under twenty years, .17,1, or 88.fi per rent, were said to have 
valvular disease. In the next a«re e:rouj>, twenty to forty years, the. pcv- 
eenlaj'e was fi8.8 and after the fortieth year. 80.5. On the other liaud, 
daniatre to the inyoeardinni and eoronary vessels inereascd with afre. TJie 
former was iiresimt in only S.8 per cent of the cardiac defeef.s of the pa- 
tients under twenty yf-ars, 27.‘t per cent at twimty to forty years, and 
80.2 per cent after forty years ; the latter, in only 1 j)er cent of those under 
twenty years, n.4 [ler cent in those twenty to forty years, and 25.7 per cent 
after forty years 8). 

Tin' jiercontape distrihnfion of the tlii'ee important types of patlio- 
lojriea! ehanfres ainonj; jiatients under forty and over forty years and the 
median a<res for I'aeh typo are shown in Table VIT. 


T.\r.t.j: Vll 


r.vTUoumv 

UNor.i: 

-to YK.W.S 

ovr.ii 
•10 vr.Aiis 

JIEDl.AX 

.WiE 

Total 

l’7.( 

72.0 

dd.T 

Damage to valves 


r.n.i 

49.2 

Damage to myocardium 

IS.S 

SI. 2 

C0.2 

Dauiage to coroimry vessels 

.".1 

01.0 

G2.1 


Table Viri shows the pcreenta^c distribution of the leading etiological 
lype.s according to j)atIiology, Damage to valves was the major patho- 
logical change in congenital heart eonditions. also where the etiology was 
said to be rheumatic infection, “other acute infection” or unknown. 
Damage to the myocardium was indicated in one-half of the cases with 


T.\m,E VIII 


PATIIOnOGY 


ETIOI.OOV 


Congenital 

Rheumatic infections 
Syphili.s 

Other acute infections 

Arteriosclerosis 

Hypertension 

TIijTotoxicosis 

Other factors 

Unknown 


— 


nAMAGE 

DAMAGE 

DAMAGE TO 



TOT.Mi 

TO 

TO MYO- 

CORONARY 

OTHER 

NOT 

om k rPfTl 


VAEYES 

CARDIUM 

VESSEDS 


STAli^D 

100 

07 

IS 

4 

4 

7 

100 

78 

10 

0 

2 

4 

100 

7 

40 

29 

17 

1 

100 

48 

29 

16 

3 

4 

100 

15 

32 

46 

3 

4 

ido 

26 

35 

30 

2 

7 

100 

24 

50 

7 

— 

19 

100 

34 

45 

9 

— 

12 

100 

50 

28 

19 

1 

2 
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thvroloxioosis as tte etiological taetor and almost an ''<1""’ > “P“ ' “ 
ol'tlio syphilitic cases. Damage (o the coronary vo.s.scls n ny of pi nno l 
portancein the artorioselcrotic and only of les,sor importance in the hyper- 

tensive type (Fig- 9)- 




In January, 3931, llie New lork 
menced a survey of inoi'bidity from 


Slate Dcpartineul. of Hcallh com- 
Ivcart disease in Ihc state, exclusive 


of New Yorli City. 

During the first half of the year 206 physicians reported 3,934 eases; 
933 males and 1,001 females. 

^gc . — ^Thc distribution of the patients by age was as follows: under 
40 years, 27.4 per cent; between 40 and 60 years, 30.5; 60 years and o%ci, 
42.L The average age was 51.5 and the median age, 55.7 years. 

The males were, as a group, younger than the females. Of the former, 
24.7 per cent were under 40 years; of the latlei', 29.9 per cent. The aver- 
age age of the males was 52.9 ycar.s, the median age, 57.7 ; the average age 
of the females, 50.3 years and the median age, 53.5. 

Eiiologif . — The leading etiological factors were: rheumatic infection, 
27.2 per cent; hnmrtension, 20.3 ; arlerio-sclerosis, S.S; syphilis, 4.6; con- 
genital, 2.4 ; and in 11.6 per cent; the etiology was unknown. 

The proportion of syphilitic lieart disease among male.s was three times 
that among females. 

Pathologif . — Damage to valves was indicated in 4S.7 per eeul ; damage to 
myocardium, 28.9; to coronary ve.ssel.s, 39.8. 

Coronary disease was more prevalent among male.s, while valvular dis- 
ease and damage to myocardium were more prevalent among females. 
The proportions were; coronary disease — males 23.7 per cent, females 
16.0; valvular disease— males 45.0, femalc.s 52.1; damage to mvo- 
eardium— males 27.8, females 30.0, 


It is a pleasure to express luy llmnks to the phy.sieiaiis whoso altruistie eooperatiou 
made this study possible. I aiii under obligation to Dr. Kobert IT. Hiilscy of iS'ew 
York City for valuable counsel at all siage.s of the survey. The report form was draint 
up ivith the kind advice of Drs, A. E. Cohn, J. Hamilton Crawford, Herman 0. Atosen- 
thal, New York City; Eichard C- Cabot and Paul D. White, Bo.ston. Por painstaking 
preparaUon of the raw material for statistical analysis, I am especially indebted to 
f H M Eesearch Statistician of tl>e New York State Department 


4. DePorte,J.V.: Heart Disease in the State of New York, A ^r. Hkaut .T. 5; 052,1930. 



REVERSAIj in direction op the qrs complex op EXPBR- 
IiAIENTAL RIGHT BUNDLE-BRANCH BLOCK AVITH CHANGE IN 

THE HEART’S POSITION*'! 

Walter Acjci^rmax, AI.D., .mce Louis N, Katz, AID. 

Chicago, III. 


TN A previous report^ we iiave sliown Hint the eleetrocarcliographic ap- 
pearance of ventricular exlrasystoles elicited exiierimentally from 
fixed points is modified by the position of the heart. Rotation of the 
heart on its own long axis had the most marked influence. In fact, a 
change in the heart’s position often reversed the direction of the QRS 
complex of the extra.systolc in one or moi’c leads. It was concluded from 
this study that the localization of the oifigin of the ventricular extra- 
systoles on the basis of the direction of QRS in Leads I and III was 
hazardous, especially in abnormal hearts. It was inferred by analog}* 
that it was unsafe to attempt to locate the site of bundle-branch block 
from the direction of QRS in the various leads. In the present research, 
an attempt has been made to verify this inference with experimental 
bundle-branch block by determining the influence on the electroeardio- 
gi’ani of .shifting the heart’s position. This has been carried out success- 
fully in four animals, in three of w'hieh the shift to successive positions, 
■was performed twice. 

procedure 


Each dog, anesthetized •with barbital, had chest open and artificial 
respiration. The right bundle %vas cut in the intraventricular septum 
close to the A-V junction with a sharp Iniife thrust through the right 
ventricular wall, the procedure being essentially like the method most 
recently described by Roberts, et al.* The success of the cut in producing 
bundle-branch block was decided by the change in the electrocardiogram 
follo'ftnng the cut. A decided change in contour of the record ^vith pro- 
longation of QRS duration was taken to show the presence of block.' 
This was verified postmortem by the location of the cut. Once the block 
was produced, the position of the heart was altered in the same' manner 
and in the same oi’der as in our extrasystole experiments (see previous 
report^). An electi’ocardiogram was taken with the ordinary leads m 
each position of the heart, and at the end- of each series with the heart 
placed in its original position to determine what change in configura- 
tion, if any, had developed. 


*Prom the Cardiovascular Laboratory, Department of Pliysiologry, Jlichael Heese 
Hospital and the University of Chicago, 

fAided by the Emil and Fanny Wedeles Fund for the study of dise.ases ol the neai 
and circulation. 
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ACKKRIilAN-KATZ : REVERSAL OF QRS COiAIPLEX 


RESUi/rS 

No attempt was made to qoantitate tlie change in the electrical axis m 
the plane of the leads. A complete set of curves of one senes of posi- 
tions ill Experiment A 12 is shown in Fig's. 1 and 2. 

The four segments of Fig. 1 show the change in appearance of the 
electrocardiogram as the heart’s apex ivas elevated on the transverse 
axis at the base. The most noticeable change to be seen is the increase in 


HOR. I 

EHinUtmU:::’.".:!:!::::::! 




HOR. 2 



Fig. 1. 

bu , Heart up to lorm; respectively, an ancle of 00.1 r,n. m, 1 
body, heart’s apex pointing candid fHor 2 positiorslt^ilnr- ro 

of series; RVA, heart’s apex up 30° to 'th4 r?cht b taken at end 

and heart rotated on its own long axis to brine richt\poLol2 t)Ody, 

heart’s apex up 30°, to the left 15° of the lon/f-lil anteriorly. LV^, 

on its own long axis to bring the left ventricle ^ heart rotated 

versal of QRS, and QRS, in Ifst Uvo posmons ® anteriorly. Note complete re- 

duration of the QES straddle as the heart’s apex points more and more 

the heart fretmledTh eleotroeardiogram when 

-le - 
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2. TJie eleetrotvirdiogJvuii af the cud is csscutinlly the same as that 
taken at tlie start willi tlie heart in lliis position (compare Hor. 1 and 
lior. 2 of Fig. 1). Tliis constancy of tiie electrocardiogram in the same 
position excludes the possibility that the changes in other positions of the 
heart might be due to an alteration in the character of the block. Any 
modifications that do occur therefore must he ascribed to the altered po- 
sition of the heart. A similar cheek occurred in the other two animals 



Fig. 2. — See legend under Fig. 1. 

in which a curve was taken when the heart had returned to its original 

position. _ _ , 1 ;ii 

It was found that the electrocardiographic deflections of the bun e- 
braneh block were smaller when the heart’s apex was to the left of the 
long axis of the body, without I’otation of the heart on its o^vn long axis, 
than when the apex was to the right of the long axis of the body. In 
thi’ee of the seven experiments the direction of QRS was reversed in 
Lead III when the heart was moved from one to the other position, viz., 
the inverted QRS in Lead III became upright on the shift fz’om light to 
left. Fig. 1 shows a change in Lead III which is a step toward reverse . 
In one experiment a similar tendency occurred in Lead I in a reverse 
direction. 
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Without fail in the sovoii experiments, a complete 
Leads I or III was obtained Avlien ilie heart was rotated on its o o 

^riroin a position where the right ventricle was more af -a or than 
normal to one where the left ventricle was more 
The angle of rotation lietween the two positions was about oO • 
of the experiments a reversal occurred in both Leads I and II , ^ ^ 

Figs. 2 and 3 (compare RVA and LVA) it will be seen that the QRS 
which was up in Lead I and down in Lead III in the first of these posi- 
tions (RVA), became inverted in Lead I and up in Lead III in the other 

(LVA). 

DISCUSSION 

According to the classical viewpoint the curve shown in segment RVA 
of Figs. 2 and 3 would be classed as a right bundle-branch block, and the 
curve shown in segment LVA of Figs. 2 and 3 as left bundle-branch 
block-, the terminology introduced by 'Wilson^' would reverse the location. 
Yet the lesion in the heart was constant and was located in the right 
bundle-branch, as shown (1) by postmortem cheek, (2) by the return of 
the electrocardiogram to its first contour when the heart was restored to 
its original position, and (3) by the ability to repeat the same sequence 
of change twice in each of three animals. It appears proved from these 
experiments that the position of the heart does modify tlie electi'ocardio- 
gram of bundle-branch liloclc and can simnltanconsly completely reverse 
the direction of QRS in Leads I and III. 

These experiments lend support to the contention presented in our 
previous eommunication,^ viz.-. “In the present state of knowledge and 
with the variability in direction of the QRS group wliich these experi- 
ments show can be produced by clianging the position of the heart, it 
would be preferable not to attempt to locate the site of origin of ventricu- 
lar extrasystoles and, for the same reason, bnndle-brancb block. 

Furthermore, the argument that autopsy and electrocardiographic evi- 
dence do not correspond if the latter is interpreted according to the 
classical terminology, hut do correspond if the Wilson tcrminologj^® is 
applied, is not borne out when the data is critically examined. Mahaim^ 
has recently shown in an excellently carried out study and critique of 
reported observation that there is agreement in the majority of cases of 
his own series and those reported hetiveen the anatomical and electro- 
cardiogi-aphic diagnosis when the latter is interpreted according to the 
classical terminology. He criticizes some of the earlier studies" on the 
ground that the histological examinations were incomplete. Exceptions 
do oeeiir, however, and, from our experiments, can be explained by alter- 
ations in the configuration of the heart due to position changes or pre- 
ponderant hypertrophy of the veiitrWos. Such changes in the heart’s 

pwfSs Tv"' ® tlw® produced in these ex- 

peuments. This is evidenced by the marked alteration in the electrical 

Xis m the plane of the leads encountered especially in left ventricu- 
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lar preponderant hypertropliy in which QRS is inverted in Leads II 
and III. 

The contention presented here that tlie position oi! tlie lieart modifies 
the eleetrocardiograpliic appearance of bundle-branch block is significant 
regardless of wliciher the classical or Wilson's inter])retation of bundle- 
branch block is finally accepted as con-cct. Our i-esnlts offer an explana- 
tion which will account for those apparent discrepancies between autopsy 
and electrocardiographic interpretations of bnndle-branch block. It will 



Fig. 3. — Segments of the three leads of tlie electrocardiograms taken in two po- 
sitions of heart of Dog A13 to illustrate the complete reversal of QRSi and QRos a- 
in Pig. 2. RVA and LVA as in Pig. 2. 

also avoid the difficulty of changing the interjoretation from left ventricu- 
lar preponderance to right bundle-branch block in cases such as we have 
seen and those reported by Luten® and by Morris and McGuire,® where 
the QRS complex, inverted in Leads II and III and of normal duration 
in a series of curves, shows a progressive increase in its duration beyond 
normal limits, or where a seeming right bundle-branch block would be 
called left ventricular preponderance Avhen the abnormally long dura- 
lion of QRS decreases to AAdthin normal limits. As stated previously h}' 
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one of ns; it is more likely that when marked preponderance is present 
the bundle-branch block increases the duration of the QBS, and the pie- 
pondcrant hjqmrtropliy determines the direction ol! the manor initia 

deflection in the three leads. _ , 4.1 

We therefore advocate that no attempt be made in man to loeahac the 
bundle involved from the appearance of the electrocardiogram. Instead 
the diagnosis should be given as follows: 1, intraventricular block of the 
so-called bundle-brancli block type, and 2, left (or right) axis deviation 
(or preponderant hyiiertrophy ) . 


sujrjtARy 

It can be demonstrated that the contour of e.xperiincntally produced 
right bundle-branch block is modifled by- changing the heart’s position. 
The direction of QRS can be reversed in Lends I or ITT, or in both, by 
moving the lieart’s apex from left to right of the body’s long axis, espe- 
cially when the lieart is at tlie same time rotated on its own long axis. 
This shift alone may change a seeming right to a seeming left hnndle- 
brancli block or vice versa, depending on whether the classical or ^Yilson’s 
terminology is nsed, as is shown in the illustrations of this report. Tlii.s 
last observation explains the apparent discrepancies between tlie electro- 
eardiograpliic and the autop.sy diagnosis of tlie branch involved in 
hundle-hrauch block. 

It is recommended that no attenijit he made to designate the hnndle- 
braneli involved; instead in man all such cases should be called intraven- 
tricular block of the bundle-branch type. 
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A STUDY OF VISCEKOCARDIAC REFLEXES^f 

I. The Expekuiental Productiox of Cardiac Irregularities by 

Visceral Stimulatiox 

S. E, Ph.D, 

Chicago, III, 

'T^HE clinical literature presents miineroiis eases in which an apparent 
correlation between visceral excitation or disease and cardiac ir- 
regularities existed. That such a correlation actually exists in man is 
definitely supported by the observations of Babcock,^ Mayo," and Straus 
and Hamburger^ who have reported eases of cardiac disorders that im- 
proved after biliary tract surgery. 

Lennox, Graves and Levine'* in a studj’ of forty-eight patients during 
surgical operation, as well as Marvin and his associates®’ ® in a similar 
study of sixty patients do not report any changes in the eleetrocardio- 
gi’ani Avhieh could be attributed to manipulation of the viscera. 

Recently Rcssinger," using needle electrodes, studied a few cases 
during abdominal and thoracic operations. In a case of cholecystectomy- 
he observed that pulling on the liver caused a slowing of the heart rate 
and a disappearance of the P-wave. When the stimuli ceased, the heart 
became normal. In another case of carcinoma of the esophagus, a slight 
puli on the cardia caused an auricular flutter which went over into a fi- 
brillation. The various waves of the electrocardiogram were markedly 
“splintered.” 

Experimentally it is established that cardiac inliibition or acceleration 
may be induced by Auseeral excitation. In the frog, tapping or stimula- 
tion of the viscera®’ or incision of the gall bladder with a spillage 
of bile into the upper peritoneal cavity**’ *- causes reflex inhibition of 
the heart. In the turtle the same tjqie of stimulation causes accelera- 
tion of the heart.** In the dog, distention of the gall bladder may cause 
either an inhibition or an acceleration of the heart rate.*"’ *'® In nausea 
and vomiting, inhibition followed by acceleration is kno'vvn to occur quite 
uniformly.*^ Prolonged distention of the stomach causes acceleration 
of the heart in the dog ; and in one out of twelve dogs studied by Burgess, 
Scott and Ivy,*® it caused the occurrence of rhythmically recurring ec- 
topic beats. Pearcy and Howard*® obseiwed occasionally premature con- 
tractions in dogs on distention of various viscera after poisoning the 
heart with barium chloride and found that the sympathetic pathway 
was concerned. This observation falls in line with the observations of 

♦Prom the Department of Physiologry and Pliarniacology, Northwestern University 
IMedical School. ^ __ , „ 

tThis -vvork was aided by a grant from the Josiah jMacy, Jr., foundation. 
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OWEK: study of VI.SCEROCARDIAC REFUKXKS 

Botliberger and Winterberg” who woro able 1o procluco 0 x^ 10)03 
by svmpathetic stimulation after small tloscs of barium cl.IoiKc 
’in view of the physiological and clinical importance ol MSCClocnK . 
reflexes and the rather meager expcriniental literature on the sulj.lco , 
Dr. A. C. Ivy pointed out that further expernncnlal study of the sub- 
ject was definitely indicated. 

TT. vnipuTM Td vr A 1 . 


ATTEMPTS TO PRODUCE EXTRA.SYSTOEES. PART I 


The Occurrence of Sponiimcous Exirasijsiolea in ihc Dog. As a rule 
in the anesthetized animals the blood pressure record was observed for 
cardiac irregularities and then on observing' irregularities, the animal 
was connected to the leads of the elceti’oeardiograph. In experimental 
work of this nature it is neee.ssary to establi.sh a norm or eonirol series 
or to ascertain the incidence of spontaneous cardiac irregularities under 
the experimental conditions to be employed. 

For this purpose a “control group-’ of ninety-five barbitalized dogs 
was used to determine the incidence of cxtra-syslolcs in an experiment, 
in which the operative procedure was quite constant, Tliis group of 
dogs Avas used primarily for a study of diuresis by Owen and Ivy,’" and 
was subjected to such operative procedures as cannulation of the carotid, 
trachea and ureters. Nine of the dogs in this group showed an average 
of one extrasj'stole every ten minutes over a period of from one to three 
hours. Eecords of two to three hours in each of twenty-two dogs (23 
per cent) shoAved only one or two extrasy stoics. The remaining dogs 
(66 per cent) showed no cardiac irregularities other than the normal 
sinus arrhythmia. In the first group the cardiac irregularities Avere 
evident early in the experiment. Thus, in order to eliminate false 
interpretation of these spontaneously occurring irregularities, all 
animals used in this study Avere observed for one-half hour before sub- 
jecting them to any procedure for the production of extra systoles or 
other cardiac irregularities. 


Distention of the Abdominal Cavity . — Since distention of certain of 
the abdominal viscera leads to stretching of the abdominal Avail, it was 
considered necessary to ascertain if intra-abdominal pressure clumo'es 
per se Avould cause cardiac irregularities. . ” 

Distention of the entire abdominal cavity Avas produced in ten lightly 
baibitalized dogs by the use of an oxygen tank' in circuit with a manom- 

'pf'’ T w'' T pressure was never allowed to 

exceed blood pressure more than 5 mm. Distention and deflation in 

hese cases Avere not productive of cardiac irregularities, althoimh heart 
rate Avas increased by distention. ° ^ 

Distention of the Esophagus in Dogs and Distentinn n-f +i 

esopba.u. was made possible by the insertion antanS f 



498 


TITE AMEUICAN HEART .lOURXAL 


loon approximately one ineli above the liiatns of tlie cliaijliragm. In a 
scries of five lightly ellierizocl clogs, distention or sudden collapse of this 
area even after previous ir)-italion with h ])er cent hydrochloric acid 
was ineffeclive in producing cardiac irregularities. On adapting the 
above ])rocedui‘e to hai'hitalized i-ahhils two out of five displnyed extva- 
systolcs on either the distention or the defialion. One of these gave an 
extra.systole on distention when both vagi were severed in the neck and 
the spi]ial cord sectioned between the fourth and fiJ'th thoracic vertebrae. 
^\ttempts to scA’cr the .syinpathctie suijpl.v to the heart in this animal were 
inisuccessful. 


Sudden Di.sicniion of llic Siomach . — Distention and sudden collapse 
of the stomach were obtained by the in.sertion of a balloon or an open- 
end cannula, which was tied in place by j)urse string sutures. In a scries 
of ten barbitalized dogs, distention or sudden collapse after distention 



Figr. 1. — Tliis i.«! the cloctfoeardioftrani (Le.nd II) of one of the dogrs (Dog JI) that 
showed an extrasystole on belching produced artificially by distending the stomach. 
N'ote the e.vtrasy.stole. Tiic cardiac sphincter must be in tone in order to produce 
belcliing, otherwi.se wiien the air is injected into the stmnach, it passes out of the 
c.sopliagus. 


of the stomach with one or one and one-fifth liters of air caused no 
cardiac irregularities although the heart rate Avas either increased or 
decreased. The response in cardiac rate even Auried in the same animal 
from time to time, the rate generally being increased. In a series of ten 
lightly* etherized dogs results similar to the above AAure obtained when 
an open-end cannula Avas used as an inlet and outlet for air to the 
stomach. Irritation of the stomach mucosa Avith 5 per cent hydrochloric 
acid folloAved by distention and deflation Avas not causath'e of cardiac 
irregularities in dogs. Adapting the above procedure to baihitalized 
rabbits, one out of four- shoAimd an extrasj’stole on distention of the 
stomach. 

Belcliing . — Three out of eleAun lightly etherized dogs, in which the 
stomach Avas suddenly markedly distended by bloAving air into it and 
in AAdiich belching resulted, displayed extrasystoles with each eructation. 
This Avas obtained repeatedly in two of the dogs and in one it disap- 
peared after section of the AUgi. The Augi Avere not sectioned in the 
other tAVo. In the third dog the distention of the stomach Avith belch- 
ing caused extrasystoles (Pig- 1) at a freciuencj’' of three out of 
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fifteen triels. In this dog a definite pnlsus 

(inently in periods of three to five mi.ratcs dnvmg and after d.sUntron 
on a nmnber of trials. Belching could not be obtamed unless the ce. d . e 
sphineter was in tone because the air passed direct r out '>»«->> ^ 
csophaous. When air was blown from the slomaeii out tlnougli II c 
esophagus, extrasystolos did not result. Pilocarpine or cpn.ophrrno 

tviveii to these dogs was without effect. 

Becaiise ot the results on dogs, n series oi twelve medical students 
who could swallow air aud belch at will were studied, l^ilectrocardio- 
grams were made before, during the swallowing of air, and during 
belching. No cardiac irregnlaritics nor significant changes in rate were 

observed. . 

DisienHon of live Duodenum.—SxiMm increase or decrease of intra- 
duodenal pressure in a series of six barbitalized dogs did not cause 
cardiac irregularities although the heart rate was increased. 'J'lio rapid 
iujeetion of 50 c.c. of warm Avater (39° C.) into the duodenum of ten 
barbitalized dogs caused no change in the liearl rhythni. However, in 
one of the ten the introduction of 50 e.c. of O.-i jicr cent lICU at 39° C. 
caused a series of cxlrasystoles. In five lightly etherized dogs alter ir- 
ritation of the duodenum produced by injection of 5 c.c. of 5 per cent 
HCl, distention failed to cause cxtrasystole.s. 

Disiention of the Colon. — hlarlced distention and sudden de/lation 
of the entire colon in six barbitalized dogs caused no cardiac irregulari- 
ties, although acceleration of the heart rate occuri-ed. 

In eiglit dogs the colon was surgically obstructed, the dogs surviving 
from one to three AA'eck.s. Although the colon became inarliedly dis- 
tended and the animals toxic, no cardiac iri'cgularities appeared in the 
electrocardiograms even as late as one hour preceding death. 

DisienHon and Dcflaiion of ihc Urinary Bladder. — Sudden di.stenlion 
and deflation of the urinary bladder in five barbitalized dogs did not, 
cause cardiac irregularities. In five dogs under light ether anesthesia 
the same procedure failed to cause cardiac irregularities even after the 
irritation of the bladder Avith 5 jicr cent HCl. 

Distendon of the Biliary Pas.saycs in Ane.sthctked T^ogs.— Distention 
of the biliary pa.ssages in ten barbitalized and in five lightly etherized 
dogs failed to produce cardiac arrhythmia. As found by others this 
piocednre simply caused only a decrease or increase in heart rate 
Operative Procednrcs.~ln only one out of eighty-five dogs used in this 
study did incision of the various viscera cause cardiac arrhythmia. In 
1 C one dog an extrasystole resulted on incision of the stomach The 

Tw f f vi.scera, such as occurs in abdominal oper- 

ations, did not cause at any lime cardiac irregularities other than a 

of the contents of 

eavitv 1 stomach, colon, and urinary bladder into the 

caAity had no immediate notable effect on cardiac rhythm. 


peritoneal 
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Disioilion of Viscera in the Presence of S'pontaneous Extrasystoles . — 
As was pointed out aboA’^e, spontaneous extrasystoles oceur in 10 per cent 
of dogs under light ether or barbital anesthesia, when subjected to ean- 
nulation of the ureters. Only four dogs out of the eighty-five used in 
this study showed spontaneous extrasystoles prior to the introduction 
of procedures Avhieh, it Avas thought, might cause cardiac irregularities. 
Distention of the A'arious Auscera in three dogs did not apparently in- 
fluence the sequence or frequency of the spontaneously occurring extra- 
systoles. In one dog, liOAveA'ci*, distention of the stomach increased the 
frequency of the extrasystoles sometimes. 

ATTEMPT.^ TO PREDISPOSE OR SENSITIZE THE CARDIAC 3.IECHANISM TO VIS- 
CERAL STIMULATION. PART II 

C 

It is CAddent from the preceding results that it is impossible in dogs 
to induce uniformly, or eA'en frequently, cardiac irregularities other than 
acceleration or sloAving of the heart rate by Aoseeral stimulation. The 
fact stands, hoAvever, that extrasj^stoles and other irregularities do some- 
times result. It is to be noted from the foregoing experiments that 
chemical irritation of the viscera did not definitely facilitate the elicita- 
tion of extrasystoles or other cardiac arrhythmias. It became obAuous 
that if AA^e Avere to secure cardiac irregularities other than changes in 
rate more uniformly, it Avas necessary in some Avay to sensitize or pre- 
dispose either the cardiac centers in the central nervous sj'^stem or the 
peripheral cardiac mechanism. 

Barium Chloride. — Since Pearcy and HoAvard^® Avere able to obtain 
premature A^entricular contractions by Adsceral stimulation after the 
administration of cardiotoxic doses of barium chloride, AA'^e decided to 
use this method. They state that Avhen proper care Avas exercised in 
giAung this agent intravenously, they could obtain cardiac disorders 
in “practically every animal used” on Ausceral distention. 

We used fiAU barbitalized dogs in Avhich cardiac irregularities failed 
to appear on gastric distention. When Ave used the 2 to 8 mg. doses of 
Pearcy and HoAvard Ave failed to obtain premature contractions on dis- 
tention of the stomach. However, one of the five dogs after receiAung 
40 mg. shoAved ectopic beats only on distention of the stomach, Avhich 
appeared not to be due to the direct effect of the barium. We gave 
up this procedure because we could not feel absolutely certain that the 
irregularities one might obtain might not be ascribed to the direct effects 
of the barium itself on the heart. 

Coronary Damage. — It Avas thought that damage to the left coronary 
artery might render the heart more susceptible to visceral influences. 
So, from seven months to one year prior to the visceral stimulation, the 
heart was aseptieally exposed and the ramus deseendens of the left 
eoi’onary Avas damaged for 2 or 3 em. along its course by dissecting it 
free and pinching it Avith forceps, the dogs being given parathormone 
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witli the hope that an arteriosclerosis might result. ( this y oih \ ■' 
done by Dr Don C. Sutton n-ho kindly gave me the dogs lor my .s.uc .) 
PostmM'tm stadies on Uie myocardium and the damaged vcaee^ 
definite pathological changes. Three dogs were avadablo ior Msccia 
distention. Distention of the stomach, duodenum, Inhaiy pas.sages, and 
visceral manipulation failed to elicit cardiac irregularities; ™ 

one of these dogs distention of both the colon and the urinary bladdei 

caused an extrasystole to occur. _ . , 

In one of these dogs in which distention of. the various abdommal ms- 
cera failed to cause an arrhythmia, extrasystples resulted on dissection 
of the gastric vagi and on massage of the right stellate ganglion. A 
" control" series on this procedure was not made. 

Experbnental HytJertliyroMisyn.~-Smce cardiac disturbances arc 
frequently associated with hypertliyroidism, it ivas decided to feed some 
dogs thyroid extract for a period prior to the distention of llie viscera. 
Five dogs were fed 5 giii. of th 3 ’roid extract dailj’’ for a period of one 
week to ten dej'S. This, of course, eau-sed an increase in respiration and 
heart rate and a loss of weight and diarrhea. In one of the five dogs 
distention of the stomach caused extra .systoles, although no irregularities 
were noted prior to the distention. Distention of the duodenum and 
urinaiy bladder did not induce cardiac irregularities in these dogs, 
DipJtiheritic Myocarditis. — It was reported by Stewart^'-* that the 
injection of diphtheria toxin in appropriate doses would cause a iiij’o- 
earditis iu dogs. It was hoped that iiyocarditis induced b.y tliis method 
would render the heart more susceptible to visceral inlluences. Five dogs 
were given 50 to 63 per cent of a minimum lethal dog dose of diphtheria 
toxin from five days to one week previous to the visceral stiimilation. 
No cardiac irregularities were noted prior to the experiment. Light 
ether anesthesia was used in some of the dog-s and light barbital in the 
others. In one dog distention and deflation of the stomach caused 
extrasystoles to appear. In another distention and deflation of tlie duo- 
denum induced extrasj'-stoles. 

Epinephrine, Ephedrine, Pilocarpine and Nicoiine.-~h\ a number of 
dogs in which visceral stimulation failed to excite cardiac irregularities, 
an attempt was made to predispose the cardiac mechanism by injecting 
drugs which stimulate sjmipathetic or paras^ympathetie nerve ciidiims 
These attempts uniformly failed. - ’ ' 

mly mhibitioit or aceokratirai of heart rate usually oceurs'oTd'istentiou 
may m soma ,vay predispose the heard, to visceral iufluenees pta”. 
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it is known tliat jaundice causes a bradycardia in young dogs,-^ and 
increases vagal tonej^- ” Buclibinder='= observed a transient disloca- 
tion of the pacemaker in one dog ten days after the induction of jaundice, 
and spontaneous arrhythmias in frogs. Hence, it was thought desirable 
to produce obstructive jaundice in a series of dogs and to ascertain 
if this condition predisposes to cardiac irregularities on visceral 
stimulation. 



Fig. 2. — These electrocardiograms (Lead II) show a sinoauricular block which oc- 
curred (Dog T 11) during the bradycardia associated with vomiting caused b 5 ' dis- 
tention of the biliary passages in a dog jaundiced three weeks. A2, one week of 
jaundice and just preceding distention ; B2, bradycardia and S-A block during disten- 
tion and just after emesis ; C2, release of distention. 



Pig. 3. — This electrocardiogram (Lead II) shows either a bizzare premature QRS 
complex or an extra-auricular beat, most likely the former, which occurred during a 
period of slight distention of the biliary passages in a dog (BTIO) jaundiced eleven 
days. 


Electrocardiograms were made on a series of five dogs and jaundice 
produced by aseptic ligation and section of the common bile duct. 
Electrocardiograms taken at intervals up to two weeks showed in one 
young dog one week after ligation, a shifting of the pacemaker within 
the sinus node, which did not exist before operation. Distention of the 
gall bladder and viscera under light ether anesthesia was performed in 
four of these dogs with well developed jaundice (one week). A ven- 
tricular extrasystole occurred in one on distention of the gall bladder. 
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In llio beliei’ tliat Jinoslliosin iiiifrlil be a laelnr. it was dceuleil 1<* repeat 
these experiments on nnanestheti/.ed clo'^s. So a sceomi scries ot (i\(. 
clo"s with aseptic ligation and division oi‘ the coimnon bile duel nas ])ic- 
pared. Electrocardiograms (Leads .1, .11 and HI) lielVn-e and after 
operation showed no cardiac irregularities. The gall bladder was then 
eanmiluted aseptically under anesthesia for iinrposes of distention ot 
the biliary jiassagcs. Tlie animals were permitted to recover and electro- 
cardiograms (Lead 11) were taken during distention of the biliary pas- 
•saccs at various intervals up to three weeks, tin distention oi the gall 
bhidder all dogs .showed changes in cardiac rhythm. Slight, distention 
sufficient, to provoke nausea and vomiting always caused a marked 



hiK. t — ilK'se eU-ctiociii<lioRT,'iiit.s (I.oad II) rosnlOMl from a .lo^' (UTU’) ta which 
jAumhcp hral been la-eafiat for three weeU.>--. A2, was talcen hi'O.re (lKteatli>n an.l iD 

normal; B2, was. taken Ourlnp: .UatenUon ami show.s a renularh- occur an He^ 
octopic beat or A-V block. C2 was laUon Uurliw Kusshm bn'rtnoe.l "v ^ auiicnla. 
the biharv passaps and shows an A-V block. Other interpreiatioiVs hav 
by exporienceil olectrocardloKraphcrs. 'i.nn.ns n.n 


■ ilistention of 
c heon olTc-rttI 


bradycardia. In one dog a temporary complete sinoauvicular block oc- 
curred (Pig. 2). In one cither a bizzarc premainre ventricular complex 
or an ectopic auricular beat (Pig. 0), most likely the former oeeurred 
occasionally during the bradycardia caused by slight distention. Tu one 
an ectopic auncnlar beat occurred during llic brndveardia caused bv 
aiste, 11 , 0.1 and a lieavt-block (Pig, 4) slioi'tly after rclctiinir. Recover',- 
from braclj-eardia results verv soon after release ot II, o ,;rc.ssure auil 

cSerX’"' "" vttn- 
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SUMMARY AND DISCUSSION 

Nine out of ninety-five anesthetized dogs in a group in which the 
carotid, trachea and ureters had been cannulated showed extrasj^stoles. 
Sixty-six per cent of the dogs in this group showed no extrasystoles at 
any time during the course of the experiment. Since extrasj’-stoles occur 
“spontaneously” in dogs and in the course of any uniform operative 
procedure, it is necessary to observe the dog for some time after the 
necessary operative work has been done before one can determine 
whether or not a certain procedure will induce extrasj^stoles. In eighty- 
five dogs in which the carotid was cannulated and cannulae or balloons 
were introduced into the various viscera other than the ureters, only 
four manifested extrasj'stoles during a half hour observation period 
following the operative procedures. This does not indicate that the 
handling of the ureters is prone to lead to extrasystoles, since more vis- 
ceral manipulation is required to cannulate the ureters than to cannulate 
or insert a balloon into the duodenum, stomach and gall bladder. 

In experiments on eighty-two anesthetized dogs distention and de- 
flation of the hollow organs failed to produce extrasystoles or other 
cardiac irregularities other than changes in rate. In one dog injection 
of 50 c.c. of 5 per cent HCl into the duodenum was followed by a series 
of extrasystoles. In other instances in which an attempt was made to 
irritate the hollow Auscera by the previous injection of acid no cardiac 
arrhythmias occurred. In one out of eighty-five dogs an extrasystole 
resulted while holding the stomach with the fingers and incising it with 
the scissors. Distention of the esophagus produced extrasystoles in two 
out of five rabbits and of the stomach in one out of four. (The rabbit 
appears to be more “sensitive” than the dog.) Hence, in the normal 
unanesthetized dog, cardiac irregularities other than change in rate are 
very difficult to produce by distention or irritation of the abdominal 
viscera, but the significant fact is that in a few instances extrasystoles 
may be produced. 

The most interesting observation made in the experiments on this 
group of animals is that belching caused extrasystoles in three out of 
eleven animals. Because the esophagus is so closely related to the right 
auricle it was thought that the extrasystole might be due to mechanical 
stimulation of the heart bj’" the eructated bolus of air. This was not 
true in at least one of the dogs, since section of the vagi abolished the 
phenomenon. Also, in those dogs in which belching could not be pro- 
duced because of an atonic cardiac sphincter, the rush of air through 
the esophagus failed to produce extrasystoles, and distention of the 
lower third of the esophagus was without effect. It appears that the 
cardiac sphincter must be in tone or the vagus must be hypertonic in 
order to obtain extrasystoles. Howevei’, pilocarpine or epinephrine given 
to the dogs in these experiments which did not manifest belching failed 
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to inevease the sensitiveness o£ the mechanism. e helioyc 11 at iclchn „ 
leads to catdiao irregularities through the same mechanism that is con- 
cerned in the prodnction of cardiac irregularities which are associated 
with retching or vomiting, since belching and retching are c ose 3 ic- 


lated phenomena. , . , a 

It is worthj^ of note that of the four dogs 111 which spontaneous 

extrasystoles were present marked distention of the stomach increased 

the frequency of the extrasystoles in one. 

The results of the experiments designed to increase the irritability of 
the cardiac mechanism to visceral excitation indicate that such is the 
case. One of these dogs in wliich previous coronary damage had been 
produced showed an extra s^’^stole on distention of both the colon and the 
urinary bladder. Extrasystoles were obtained on visceral excitation in 
two out of five dogs that had been given a sublethal dose of diphtheria 
toxin several daj^s previously. Extras.Tstoles were obtained in one of 
five dogs previously rendered toxic by the administration of thyroid 
extract. Of the thirteen dogs used in this group of experiments, extra- 
sj’’stoles occurred in four on visceral excitation onl3% 

The clinical and experimental literature cited above indicates that 
jaundice, biliary tract disease, or liver injury might lead to a sensitiza- 
tion of the mechanism concerned in the production of cardiac arrhjdh- 
mias on visceral excitation. In one of ten dogs (one to three weeks), 
the production of jaundice caused a .shifting of the pacemaker within 
the sinus node. In one of four anesthetized dogs in which jaundice had 
been present for one week, a ventricular extrasj^stole resulted on dis- 
tention of the gall bladder. In five unanesthetized dogs marked and 
more uniform cardiac arrlndhmias resulted on distention of the biliarv 
passages, especially in three of the five. However, the arrlndhmias 
were closely associated with or related in time of occurrence to the 
production of nausea and vomiting. Although the results indicate that 
anesthesia depresses and jaundice sensitizes the mechanism concerned 
in the production of cardiac arrhjdhmias on distention of the biliary 
passages, more experiments should be done and an analysis of the rela- 
tion of nausea (denoted by salivation and smacking of the mouth) and 
vomiting to cardiac arrhythmias should be made. It was impossible for 
the author to undertake this phase of the problem, so it was turned over 
tor further study to Dr. Crittenden, whose report will soon follow 




1 . Distention, sudden collapse, or irritation of the hollow abdominal 
viscera rarely produces cardiac arrhythmias in anesthetized doo-s The 

station 01 ,aa . 0 . «.e ttX 'aSiii: I" 
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l.nritio.s oc'cnrred 0 ]i boleliiiig. jMjirkcd di.stonlioji ol.‘ (lie stornaeli in tlie 
presence oi! preexisting- extrasystoles may increase (he frequency of 
their occurrence. 

2. The results of experiments designed to increase the irritability of 
the cardiac mechanism concerned in the produclion of arrh 3 ihmias to 
visceral excitation indicate that such is the ease. This is particularly 
true of common bile duet olrstraction Avhieh results in jaundice and liver 
injnr.y. In three of five jaundiced unanesthetized dogs, distention of the 
biliary tract caused either an ectopic auricular beat or heart-block, 
which was gencrallj- associated in regard to the time of occurrence with 
the ap])carance of retching or vomiting. 
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II. The Experimentae Probhction op Cardiac Irregueariti^ ix 
IcTERic Dogs AYith ax Anaeysis of tiu^ Koee Played by Aausea 
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P. J. Crittenden, Pii.D., and A. C. Iyt, SI.D. 

Chicago, Tee. 

^HIS study was prompted by tbe -work of O^Yeu,^ Avliicli indicated tliat 
A- marked cardiac arrbytbmias may be obtained in icteric dogs follow- 
ing distention of tbe biliary passages. Tbe occurrence of tbe cardiac 
arrbytbmias was ratber closely related to tbe appearance of nausea (de- 
noted by salivation and smacking of tbe moulb) and retelling. Tbe ex- 
■ perimental and clinical literature bas been reviewed by Scott and Ivy= 
and Owen.^ 

In tbis paper we sball report tbe results obtained from an electio- 
cardiograpbic study on unanestbetized dogs and man on tbe folloiving 
topics; (1) tbe effect of aiiomorpbine subcutaneously; (2) tbe effect of 
atropine per se intravenously; (3) tbe antagonistic action of alropine 
on tbe action of apomorpbiuc; (4) tbe effect of jaundice per se; (5) tbe 
effect of icterus on tbe action of apomorpbiue; (6) tbe effect of disten- 
tion of tbe biliary passage in icteric animals; and (7) tbe eifect of swal- 
lowing tbe stomacb tube (ninety -two medical students) . 


EXPERIMENTAL 

In order to determine tbe effect of vomiting per se on tbe heart, 0.1 
grain of apomorpbine was injected subcutaneously. To determine if tbe 
effects of apomorpbine on tbe heart -were due to vagal action fi’om 
0.2 mg. to 1 mg. per kilo body -weight of atropine sulphate, dissolved in 
0.9 per cent saline solution, -was admini.stercd intravenously. 

Dogs ivere used for all of the experiments except in those designed to 
determine tbe effect of gagging and vomiting caused by tbe passage of 
a stomach tube in man. All animals w'ere unanestbetized. Tbe dogs 
were rendered icteric by aseptically ligating and cutting tbe common bile 
duet. Tbe ducts were obstructed 1,eu days prior to tbe experimental 
procedure. Ten days were chosen as tbe best time for tbe introduction 
of tbe various procedures in tbe icteric dogs, since bile salts are at a 
maximum concentration in tbe blood about tbis time.-' 

^ Control electrocardiograms were made in all three leads before start- 
ing any pi^eedure. All experimental reactions v'ere recorded through 
Care was taken an applying tbe electrodes to prevent drying 

and Phamacolos-y. Northwestern Universitv 
-Tins work has been ahaed by a grant from the Josiah Macy, Jr.. Foundation 
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and to avoid other variations in contact during the course of each ex- 
periment. Nansea is clearly indicated in the dog by salivation and 
smacking of the mouth and swallowing. The dogs were trained to lie 
cpiietly and did not move much during vomiting or the other procedures. 
The electrocardiograms were made under standard and as basal condi- 
tions as Avere possible in this type of ivork. Of course, the animals Avere 
active during retching and vomiting, hut nevertheless lay relatively 
quietly on the table. None of the animals Avas moribund at the time the 
experiments Ai'ere performed. 

(1) The Effect of Apomorphine Subcutaneously . — ApomoiTliine Avas 
chosen because it causes marked nausea and retching, more marked 



Pig-. 1. — No. 11. Normal animal. As, control lead two taken before the in- 
jection of apomorphine. Bs is an electrocardiogram taken during retching. It shons a 
cardiac arrest and a bradycardia. Cs shows the increase in rate due to nausea. 


than that observed on distention of the biliary passages. It AA'as believed 
that if electrocardiographic abnormalities v'ere associated Avith nausea 
and retching, thej’- aa'OuM certainly occur after the administration of this 
drug. Thirty normal animals AAure used in tliis group. The onset of 
nausea, after the injection of the apomorphine, usuallj’ occurred AAntliin 
one or two minutes. Marked abnormal changes in the electrocardio- 
grams AA^ere obserA^ed. During nausea an ectopic auricular beat in one 
animal occurred. Nausea did not occur in tAVO of the animals. In ar- 
riving at the folloAAdng interpretations due consideration aaus given to 
artefacts incident to skeletal moA^ements. Certain bizarre changes Avhich 
occurred when the animal was quiet may haA’^e been due to contractions 
of the stomach incident to vomiting. Such changes AA'ere called artifacts. 

During retching, fourteen transient heart-blocks (A-V) were obsei'A'^ed 
in eight of the animals; six heart-blocks Avere observed in one animal; 
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two in one; and one in six. In seventeen animals of the group, theie 
were thirty cardiac arrests, or complete inhibition of the heart, vaijmg 
from 1.2 seconds to 2.9 seconds. Nine transient periods of arrests oc- 
curred in one animal; five in one; and one each in fourteen, (A cardiac 
arrest was interpreted as being an inhibition of the heart in which the 
interval between beats was two or more times as long as the immediate y 
preceding or following beats.) The animal which sliowed six lieart- 
bloeks and nine cardiac arrests also showed “auricular T-waves. A 
marked bradycardia was noted in one animal, in whirfi the intenal be- 
tween beats was as long as 1.6 seconds to 2.1 seconds. An ectopic P-wave 
occurred once. In one animal, retching did not occur. 

During voniiting, ectopic ventricular beati? occurred in one animal 
and a pulsus bigeminus with ectoiiie ventricular beats in another. 

Kate: Changes occurred in the P- and T-waves and in the QRS com- 
plex in a number of the animals, but nothing of a characteristic nature 
was noted. Nausea caused an average increase in the lieart rate of 98 
beats per minute (+6 to -7-186). Retching caused an average decrease of 
126 (0 to -232). Immediately following vomiting llie rate returned to 
the “nausea” rate. The rate clianges were determined by comparison 
with the immediately preceding rate. 

Summary. — These results show that rather marked electrocardio- 
graphic changes are associated with nausea, retching and vomiting. The 
changes are most marked during retching. 

, (2) The Effect of Atropine per se Intravenously , — Fourteen animals 
were used in this group. They received atropine sulphate intravenously. 
Two of them received 1 mg. per kg., the others from 0.2 mg. to 0.33 mg. 
per kg. The former dosage caused an increase in rate of 204 per min- 
ute, The other dosages caused an increase of from 36 to 174 with an 
average of 96 beats per minute. No marked clianges in the electro- 
cardiograms were noted following the atropine. 

Changes in the P-wave: Seven animals did not show any change in 
the form of the wave. The remainder showed briefly tlie following 
changes : a maximum increase in tlie voltage of 1 mm. or a decrease in 
the voltage of 1 mm.; the wave became negative or was occasionally 
absent or diphasic ; or the P- and T-waves fused. 

^ Changes in the QRS complex; Five animals did not show any chano'e 
m the form of the complex. Tlie changes noted in the other animals 
were briefly as follows: an increase in R voltage of 6 mm.’ in two - a de- 
crease of from 2 mm. to 6 mm. in four; a decrease in Q uolta-e in one- 
an increase m Q voltage in one ; and the ‘notching of R in one'" 

Changes in the T-wave: Six animals did not show any chan-e in tlm 
T-wave. The following changes were noted in the other animals •''the vdt 

m tvo, diphasic in one; oeeasioually dipliasic in one - ' r 

in one, teca™ oeeasionaii, ZJ 
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(3) The Avlagomslie Action of Airovinc on the Action of A 2 )omor- 
phinc. — Eleven ol! the animals in the above group vere given apomor- 
phine Avithin two to five minutes after the injection of the atropine. The 
appearance of namsea vas gi-eatly delayed and often did not occur for 
from ten to fifleen minutes aftei- injection. Tlie plicnomena of marked 
cardiac inliibifion and heart-block did nol occur in these animals. No 
nausea occurred in six animals; no rolching in one; and no vomiting in 
one. A few changes in the P- and T-waves and in the QRS complex 
wei-e ]ioted, but they were not characteristic. 

Rate: During nau.sca the heart rate .showed an average increase of 53 
beats per minute (-i24: to -iOO) ; during retching it was decreased only 10 
(-29 to + 22) ; and during vomiting it increased 21 (-18 to +102). 

Summary: Those results clearly indicate that the i?athway concerned 
in causing the electrocardiographic changes in the heart which are as- 
sociated with nausea, retching and vomiting produced by apomorphine 



Fig-. 2. — Dng Xo. 10. Normal animal. Lead II. A: is tlie control electrocardiogram 
taken before tlio injection of 1 mg. per leg. of Jitropine sulpb.ate. Ba shows the effect of 
the atropine. C: was taken during nausea after atropine and apomorphine. An ad- 
ventitious wave is seen which was interpreted as an artefact. 

is via the vagus nerves. The tachycardia of nausea must be due to both 
increased activity of the sjunpathetic or accelerator mechanism and a 
decrease in vagal inhibitory tone, since apomorphine alone caused an 
average increase in heart rate of 98 beats per minute and after atropine 
an average increase of 53 beats. 

(4) The Effect of Icterus per sc. — Sixteen animals were used in this 
group. Control electrocardiograms were made before ligation and sec- 
tion of the common bile duct, and again ten days later before eannulation 
of the gall bladder for the purpose of distending the biliary passages.. 
The degree of icterus in these animals varied as determined by the in- 
spection of the sclera and subcutaneous tissues at the time of operation. 
All, howeAmr, were definitely icteric. According to these observations, 
two animals were slightly icteric; two were slightly to moderately 
icteric; seven were moderately icteric and five were markedly icteric. 

Abnormal beats, which could be ascribed only to icterus, appeared in 
three animals. Ectopic ventidcular beats were found in two; extra- 
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auricular in one. Some of tlie abnormal beats wbicli were present be- 
fore icterus, disappeared with icterus. These were Hie disappearance of 
“spontaneous” heart-block, or a rhythmically occurring auriculai ectop c 

beat in two, and an extrasystole in one. _ 

K^ite; There was no change in rate in one. The rate was incrcasec 
from 12 to 81 beats per minute in eleven and decreased from -6 to -/2 
in four. The rates were determined from the electrocardiograms only 


after a period of quiescence on the table. 

Changes in the P-wave: No change occurred in Lead I in eight of the 
group. This wave became absent in four and negative in one. 

No change occurred in Lead II in twelve animals. The wave became 
absent in one, negative in one, notched in one; a decrease in voltage vas 
noted in three ; and an increase in voltage up to 1 mm. was noted in one. 

No change in the wave occurred in Lead III in ten animals. The wave 
became absent in one, negative in one, diphasic in one, and positive in 
one. The P-wave did not disappear from all three leads in the same dog. 

Changes in the QKS complex: No change in Lead I Avas observed in 
four animals. Ollier changes were: a decrease in R voltage of 8 mm. in 
four, an increase up to 9 mm. in seimn, and an increase in Q A'oltage in 
three. 

No change in the form of the coniiilex occurred in Lead II in two ani- 
mals. Other changes noted were: an increase in R voltage up to 10 mm. 
in three; a decrease up to 11 mm. in one; an increase in Q A’oltage in 
three ; a decrease in one ; and the slurring of R in one. 

No change ivas observed in the form of the comiilex in Lead III in 
four animals. Other changes noted were : the R became slurred in one, 
and notched in one; there was an increase in R voltage up to 13 him. in 
four and a decrease up to 7 mm. in eight; and an increase in Q voltage 
in three. 


Changes in the T-wave: No change in the form of the T-wave Avas 
observed in Lead I in fiA^e animals. The Avave became absent in three 
negative in one, and positive in one. 


No change in the form of the Avaim iras observed in Lead II in four 
of the animals. Other changes noted Avere: the AvaAm became absent in 
tAvo; positive in three; negative in four; diphasic in tivo; notching dis- 
appeared in one ; there Avas an increase in Amltage in one and a decrease 
in A'^oltage in one. 

No change in the form of the ivave ivas observed in Lead III iu four 
animals The wave became absent in two, positive in tivo, negative in 
nve, diphasic in tAvo ; and notching disappeared in one. 

Summary: Icterus caused electrocardiographic irregularities to 
pear m .bree of the ai.tee. and to disappear in tee Varied 

changes also occurred in the different waves iu the tee leads T1 e 

(5) TU used- of loUrns on the Action of AvomorpMnc.~Wo desired 
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to ascertain Avhetlier icterus made dogs more sensitive to apomorphine in 
regard to the electrocardiographic irregularities associated with nausea 
and vomiting. Fourteen animals were used in this group. All of them 
were given apomorphine before obstruction of the eommon bile duct as a 
control. Eleven received apomorphine after production of icterus but 
before cannulation of the gall bladder and the others after either the 
first or second distention of the biliary sj'stem. The degree of icterus in 
these animals was determined as was noted above. Two animals were 
slightly icteric; two slightly to moderately icteric; four moderately 
icterie and six markedly icteric. 

Nausea was not observed in four of these animals after apomox'phine, 
and no abnormal beats were observed in the others during nausea. The 



Pig. 3. — Dog No. 20. Jloder.ately icteric. Lead II. Ai is the control electrocardiogram 
taken before cannulation of the common bile duct. There is a sinus arrhythmia. /r 
the control electrocardiogram taken ten days after ligation of the bile duct. 
increase in rate and possibly somatic tremors, although the dog was not 
bling. B2 shows the effect of retching, following apomorphine in the icteric animai. n- 
shows a return of the arrliythmia and an ectopic ventricular beat. 


explanation of the abseiiee of nausea in the four animals is not clear, 
espeeiallj^ since the onset of retching was not delayed. It is possible that 
icterus may depress the nausea mechanism in certain indmdual ani- 
mals, since some animals appear to be depressed. 

During retching five animals shoAved eight transient periods of A-V 
heart-block as compared to three periods of heart-block in three animals 
before they Ai^ere icteric. There Avere fourteen cardiac arrests in ten 
animals as compared to eight arrests in scA^en animals before the produc- 
tion of icterus. Four of the fiAm animals bad not sboAAm heart-blocks 
preAuonsly, and Aa'c of the ten had not sliOAvn cardiac arrests before 
icterus. One animal sboAA^ed a high grade block AA-itb ‘ ' auricular T-v aves. 








513 


CUITTKNDEN-IVY : STUDY 


OP VISCEKOCAnDIAC REPUEXES 


and another animal manifested interpolated beats. In anotlier annm 
there were ectopic ventrienlar beats in ^Yhidl tlie R-wave was absent, tlie 
S voltage was 22 mm. and the following T voltage 8 mm. (Fjg. 3). 

During vomiting one animal showed interpolated beats and two a 
marked bradycardia after vomiting instead of the previously existing 


tachycardia of nausea. 

Rate ; Nausea caused an average increase in the rate of 72 beats per 
minute (+25 to +126). Retching caused an average decrease of 102 
(-46 to -140) ; and vomiting an average increase of 115 beats per minute 
(+59 to +153). These changes were in general less Ilian those observed 
in nonietei'ie animals. Changes in the form of the various naves 


occurred in a number of animals, but nothing of a characteristic nature 


was observed. 

Summary: The changes noted in this group of animals did not parallel 
the degree of icterus of the sclera and subcutaneous tissue. However, 



iMg. 4. — Dog No. 14. M.'irkedly icteric. Lead II. Ai is tlic control electrowirdiogmm 
taken before the distention o£ the biliary system. The inverted T-wave is normal for this 
dog. B= shows a cardiac arrest (3.3C. seconds) due to severe pain (no retching was 
observed) caused by distention of the biliaiw system. 


the changes indicate that icterus does “sensitize” the heart to the elec- 
trocardiographic abnormalities associated with retching. This statement 
is based primarily on the comparison of the marked abnormal cardiac 
changes noted above. 

(6) The Effect of Eistevtion of the Eiliary Passage hi Icteric Hni- 
mals.~A control series on the effect of distention of the biliary passao-os 
m nomcteric dogs was not studied by us since in this laboratory a sedes 
of twenty dogs has been studied electrocardiographieally. Bxtrasystoles 
occurred in only one of this group, only a tachycardia or a bradycardia 
being otherwise observed. • 


Fifteen animals were used in this group. They vere rendered icteric 
y igating and sectioning the common bile duct. The biliary svstem 

injecting from 40 to 100 c.c. of warm 
through a syringe into the cannulated o'all bladder "R 
>c.en,s increased the „£ the hiUaty 
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on distention, i. e., witliont leakage around tlie cannula, were obtained 
in onl3' six animals. Three of these Avere nioderatel}’- icteric, and three 
markedlj'' icteric. In three of the animals the biliary sj^^stem Avas dis- 
tended a second lime, on tlie day folloAving tlie fir.st distention. The can- 
nula began to leak at this time. Hence the results in this group refer 
to nine distentions-in six animals. This adds six animals to the series of 
OAven.^ No nausea occurred in Iaa'o distentions, no rechting in six, no 
Ammiting in three, and no apparent pain in three. 

A cardiac arrest occurred in one animal after A’omiting, and in another 
during pain (Fig. 4). Ectopic A'ontrieular beats AA'ere noted in three 
animals during pain and in another during nausea. An extras.A-stolc oc- 
curred in one animal during nausea and in another during pain. In one 
of the markedlj’’ icteric animals, the heart stopped for 2.16 seconds dur- 
ing marked pain. Late during the period of continued distention, after 
the pain, nansea, retching and A'omiting responses AA^ere no longer acutely 
manifest, cardiac irregularities AA’ore rare. The Amrious avrats Avere 
studied carefully, but nothing of a characteristic nature Avas noted. 

Rate; Mild distention either increased or decreased the rate; the aA^- 
erage decrease Avas 30 beats per minute and the increase 27. The effect 
of nausea on the rate also A\’as A-ariable. Retching decreased the rate 
from 15 to 36 beats per minute. During and ,iust after the act of Aumit- 
ing, the rate aaus either decreased or increased. Pain aaus associated 
AA'ith a decrease or increase in rate (-36 to -f 42). FolloAving distention 
the rate Availed. It usually" returned to iiormal Avithin about five minutes. 

Summaiy ; Changes in this group more closely parallel the degree of 
icterus than did those noted aboA'e in the icteric animals receiving apo- 
inorphinc, probablj’ because distention of the biliarA* passages is a sub- 
maximal stimulus. Oavcu’^ studied the electrocardiographic changes on 
distention of the biliaiy s.A'stem in icteric animals, and observed the 
same marked changes Avhich Ave obsciwed in this group of animals. He 
thought that the presence of preexisting icterus in dogs sensitizes the 
mechanism concerned in the elicitation of cardiac irregularities. Our 
results, Ave feel, add further evidence that icterus inaA* sensitize the 
cardiac Amgal mechanism. Since the cardiac ii'regularities AA^ere as- 
sociated primarilj’- Avith pain, vomiting or retching, and Avere not ob- 
served during continued distention AA'hen there Avere no objective mani- 
festations of acute pain and retching, and since atroiiine abolishes most 
of the irregularities, these irregularities must be due to a motor dis- 
charge sent out OA’^er the Amgi as the consequence of acute pain sensations 
and partieularty of the sensoiy impulses AAdiich provoke retching. 

(7) The Effect of Nausea and Belching Produced hy Sivallowing Ihc 
Stomach Tube in Blan. — Of the ninety-tA\m students avIio sAvalloAved the 
stomach tube in these experiments, elcAmn did so Avith no difficulty (ho 
gagging), fifty-nine Avitli difficulty (gagging), and tAventj^-tAvo vdth 
marked difficulty (gagging and Ammiting). In these students the con- 
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ti’ol electrocardiograms showed ventricular extras.ystolcs in two, and 
ectopic ventricular beats in another. 

During the passage of the stomach tube, A-V blocks occurred in three.' 



the tube!’ The swallowing 



tlie^tudekt was swaUowfng the ''stoinach tX'' ^•'^’"^11 while 
during gagging and just after the T-wave each Unie.^^"^ ectopic beats whieli occurred 



, Pig. 7, 
dent was 
occurred 

Pher.) C; 

In one 
seconds 
s.ystoles 
Ectopic 


^vhile the stu- 

fa totioging. 

or the students the ventricular urroof 
elapsed between normal ventricular birts""" 

^vere noted in one and an extrasvstolo nT • ^ f extra- 
ventricular beats were noted in five. o^'^S'ln in two. 
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The vndous waves were stiiclied earclully but iiotliiiig of a cliaracter- 
istic nature was delected. 

Rate: No change in rate was observed in one student wlio liad no dif- 
ficulty in swallowing the tube. The rate was iucreasod 28 (average) 
beats per minute (-iG to --72) with no gagging, increased 41 (-6 to +79) 
with gagging, and 45 (+16 to hS) with vomiting. It is inlere.sting that 
only one student manifested inhibition during gagging, which .stands in 
marked contrast to the dog.s. 


Discn.ssiox 

The results, following the injection of a])omor])hine in normal ani- 
mals, .show that nausea, retching and vomiting (especially retching) 
cause marked cardiac irregularities. Not only do changes in rate occur, 
but also changes in the form of the various waves, heart-block, and 
arrest result. 

Since it is known that stimulation of the poriidieral end of the vagus 
not only affects the rate of the heart, but also impairs conductivity and 
may jiroduce A-V blocks, it was reasonable to assume that the changes 
incident to nausea and vomiting might be abolished by atropine. This 
proved to be true. These changes indicate tliat when the vomiting 
center, or nausea mochauisin. is strongly excited, along with the motor 
discharge that pa.sses out to the stomach from the vagus center, a dis- 
charge arises from the cardio-inhihitory center which passes to the heart 
via the vagi and markedly modifies cardiac activity. A maximum e.vcita- 
tion of the vomiting center must be present before the cai'dio-inhibitory 
center is sufficiently affected to produce heart-block, since the nausea 
and vomiting induced in nonieterie dogs by distention of tlic biliary 
passages does not cause marked changes. Apomori^liinc in the doses 
used certainly produces maximum excitation of the center. 

Since bile salts increase the tone of the vagus, it was thought that 
icterus would increase the cardiac irregularities after apomorphine and 
after distention of the biliary passages. Our results indicate that this 
is the case. 

Icterus per se gave variable results. We had expected more irregu- 
larities due to icterus without the introduction of an additional factor. 
It was noted that cardiac ectopic beats occurred after icterus, but m 
some of the animals such beats disappeai’cd after the animals were icteric. 
The accentuation of the sinus aiThythmia as reported by Buclibinder 
and anticipated by us was not -observed. The rate changes ivcre not 
consistent, as was found by Buclibinder,'' but the tendency was toward 
an increase in the majority of animals. Although we were not certain 
of the ages of the animals, the four in which the rate was decreased were 
relatively young dogs. The depth of the icteric coloration of the sclera 
did not parallel the extent of the cardiac irregularities. 

The results, in the icteric animals receiving apomorphine, showed more 
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cardiac irregularities tlian Avere noted before tbe animals became icteric. 
If icterus sensitizes tbe vagal mechanism as ive believe, then our I'esujts 
are in accordance with such a hypothesis. Although the irregularities 
did not parallel the degree of icterus, it must be kept in mind that 
apomorphine is a maximal stimulus in producing nausea, retching and 
Tomiting. With a submaximal stimulus, as avc shall see beloiv, the re- 
sults do parallel the degree of icterus. 

The distention of the biliary system caused nausea, retching, vomiting 
and pain. These symptoms Avere associated Avith cardiac irregularities 
Avliich closely paralleled the degree of icterus as Avas expected. Schiager 
and Ivy,® Scott and Ia^,® and Oavcii^ in the distention of the biliary 
system of tiA’enty unanesthetized and nonicterie animals obseiwed caidiae 
ectopic beats in onlj’’ one animal AAdiich may liaA’e had a “sensitiA’e” heart 
to begin Avith. Our results Avhen compared AA'ith theirs support the 
hjTiothesis that icterus sensitizes the cardiac vagal mechanism. Oavcii, 
hoAveA'er, in the distention of a group of anesthetized icteric animals 
failed to obtain cardiac irregularities AA'hieh he and Ave obserA'cd in un- 
anesthetized dogs. This ditfereucc is obAnously due to the fact that 
anesthesia depresses the Ammiting reflex. 

The results on the students are especially interesting Avhen compared 
to the results obtained in the first group of animals receiving apomor- 
pliiiie. It AA-as noted that the rate changes in the dogs Avere much more 
marked than those in the students. Only one student shoAved a decrease 
in rate and this Avas very slight, AA’hile in the dogs nausea and A’omitiug 
Avere accompanied by a tachycardia and I’etehing by a bradycardia. Taa’o 
factors may play a role in these differences. The stimulus used for the 
dogs Avas maximal (apomorphine) AA^hile that for the students AAms sub- 
maximal. Also the origin of the reflex in the dogs (distention of bile 
.passage) Avas abdominal Avhile in the students it AA'as pharyngeal. The 
origin of the reflexes may play a i-ole even though the end-result, nausea 
and vomiting, are the same. IIoAvever, the results on the students are 
more analogous to the results obtained in nonicterie dogs on distention of 
the biliary jDassages. 


The abnormal beats observed in the students indicate that ' ‘sensitive” 
hearts may react to swallowing the stomach tube. It would seem that if 
the retching were marked, in some instances it might be serious For in- 
stance, the student in Avhoni there was a prolonged ventricular standstill 
reported that he felt very ill and dizzy Avhile SAvalloAving the tube It 
sewns possible that such an arrest may be sufficiently prolonged in’eer 
tain cases to prove fatal. Recently there have been reported^ to us two 
cases of sudden death on passage of a stomach tube. One was a poston 
ciative ease of carcinoma of the stomach, which was to be treated by 

ueatn. The other ease had carcinoma of the eardia ivi+E o,. « • 

ton. In this patient an attempt teas made to secure eLstrifl^s 
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for a gastric analysis. During passage of the stomach tube, the patient 
stated that he felt very ill, and as the tube was being withdrawn, he died. 


SUj^IMARY 

The results of this study seem to indicate clearly that nausea, retching 
and vomiting (induced by the subcutaneous infection of apomorphine) 
maj^ cause in normal unancsthetized dogs cardiac irregularities, such as 
heart-blocks, cardiac arrests, ventricular and auricular ectopic beats. 
These are most likely to occur during retching. There were also changes 
in rate, nausea causing usually a tachycardia and retching a brad.ycardia. 

The intravenous injection of atropine almost completely inhibited the 
cardiac irregularities associated with nausea, retching and vomiting fol- 
lowing the injection of apomorphine. The results indicate that during 
marked excitation of the vomiting center the cardio-inhibitory mech- 
anism is affected, the degree to which it is affected depending upon its 
sensitivity. 

Icterus per se caused both the appearance and the disappearance of 
electrocardiographic abnormalities in a few instances. The changes in 
rate were variable, bitt the tendency Avas tOAvards an increase. SloAving 
of the heart rate, hoAvever, may occur. Preexisting icterus increased 
the occurrence of the cardiac irregularities Avhich are associated Avith the 
elicitation of nausea, retching, A’oniiting and pain bj’ distention of the 
biliary passages. The irregularities folloAving the injections of apomor- 
phine conld not be said to parallel closely the degree of icterus; but the 
changes due to distention of the biliary system did parallel the degree 
of icterus. This may liaAm been due to the probable fact that apomor- 
phine is a stronger stimulus. The results of the experiments on the 
icteric animals, Ave believe, indicate that icterus sensitizes the cardio- 
vagal mechanism. 

Electrocardiographic abnormalities, such as extrasystoles, arrests, 
ectopic, Amntricular, A-V blocks, etc., occurred in 10 per cent of the stu- 
dents Avhile nauseated or retching during the SAvalloAving of a stomach 
tube. No change in the rate AA^as observed in one student. In the others 
there Avas an increase in rate AA'hich Avas dependent upon the ease AAoth 
Avhich the tube AA'as SAA’alloAved. It is intex’esting to note that a brad.Y- 
eardia did not occur, Avhereas in dogs during retching bradycardia oc- 
curred A'erj'- uniformly. 

In all experimental procedures, changes in the P-AAmve, the QRS com- 
plex and the T-AvaA'e ocein’red, none of the changes being charactei’istic. 
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THE SIGNIFICANCE OF LAKGE Q IN LEAD IH OF I HE 
• ELECTKOCAKDTOGKAI^r DURING PRBGNANCV 

F. PENMAitlX CaK'K, H.D. 

^VoitOKSTEIf, i^lASS. 

AND 

Bxjutox E. Hamilton-, anh Rxwkut S. I’almku,. ^^r.D. 

Boston, jMahs. 

F )ARDEE’ has ealled attonlioii to llie oecurrenco. ol! a lav'ro (^wave Ax 
Lead TH of the electrocardiogram. Hriofly he defined it as a Q-wavc in 
Lead ITT 25 per cent or more of the largest cxcnr.sion of the QRS in any 
lead. He found this condition presenf in 7 per cent, or fourteen of 200 
cases of heart; disease of varions sorts. Eight of his fourteen examples of 
deep Q;i oceui'red in thirty jiaticnts who had the anginal .syndionuL Jlie 
x'eixxainiixg six records showing deep Q.i were distributed among 170 jxa- 
tients suffering with heart disease other than angina. In a .sei'ies of 27/ 
records from normal hearts which he also I'cporled only txvo .showed the 
condition. Pardee also observed that a large Q.! could occur during jxreg- 
nanej- and disappear after delivery and tliat it was profoundly afieeted 
by respiration. Nevcr1be]c.ss, he eonelnded that a det']x Q.i represents an 
impairment of the left ventricle, in most instances due to coronary nar- 
rowing. Willius- concurred in tliese views. He found 300 records which 
showed deep Q;i. Of tlieso 800 records, 80.8 per cent “were obtained in 
examination of patients wlio had one of (he following conditions: liyper- 
tensivc l\carl disease, (he anginal syndrome, hyperten.sivo heart disea.se 
accompanied bj" the anginal syndrome, or arlerio.sclerotic heart, disease xiot 
accompanied by the anginal syndrome oi’ hypertension. ’ ’ Tliere xvero only 
three case.s, or 1 per cent, in xx'hich the patients had normal hearts. Lx a 
group of 977 normal patients, only two cases, or 0.2 jier cent, showed large 
Q;i. Therefore, Willins believes deep Q.-, to he an additional diagnostic 
sign of heart disca.se. Fcniehol and Kugell^ made observations which cor- 
roborated this yorh. They also correlated the eleetrocai'diograplne and 
post-mortem findings in thirty-five cases. Twenty-seven cases showed at 
post-mortem examination myocardial fibrosis or infarction; scvonleen of 
these twenty-seven had shown large Qa in c]ectrocardiogram.s, only ton did 
not show large Q,-). In the remaining eight cases electrocardiograms Imd 
shown no large Qa waves, and there was no evidence of myocardial dnmao'e 
at post-mortem. “ 

AYhile studying axis deviation of the clectrocardio->ra 


■am during the 


^'ectrociirdfogr.'iphic I^abor 


utory of the Boston 
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course of preguanej’-, we selected those records which showed a large Qg 
strictly according to the criteria of Pardee.^ The criteria are : (a) that Q 3 
should be 25 per cent or more of the greatest deflection from the base line 
of the QKS complex in any lead; (b) that no records should have E 3 
greater than Rn, none should show right axis dcAuation; (c) that an E 3 
must be present; (d) that S 3 must be absent; (e) that no "vibratory” or 
irregular QRS complexes of the "M” or “W” types in Lead III should 
be present. We have separated those records which show a deep Q 3 wave 
only transiently, appearing and disappearing apparently with jfliases of 
respiration. A deep Q 3 selected according to these criteria was contin- 
uouslj’- present in the records from 17 of 342 eases. It occurred transiently 
in the records of 9 additional eases. Counting only the 17 in which the 
sign was continuously present, the incidence of deep Qs in our series is 
slightly less than 5 per cent as compared with 7 per cent in Pardee’s 200 
cardiac loatients^ and 0.42 per cent of approximatelj’’ 70,000 records 
searched bj’’ Willius.^ 

Our series is made up of electrocardiograms taken from pregnant 
women referred i^rivately or to the cardiac clinic of the Boston Lying-in 
Hospital for estimation of their cardiovascular status. The diagnoses in the 
342 patients whose electroeardiogi*ams were studied were as follows : rheu- 
matic heart disease was diagnosed sixty-six times, congenital heart disease 
five times. There were two patients udth hypertension and one with active 
rheumatic infection and one with questionably active rheumatic infection. 
In tu'enty-three eases there Avere exti'emely loud systolic murmurs, loudest 
at the base especially in the pulmonic area, which seemed too intense to be 
functional and yet on careful consideration could not definitely be diag- 
nosed as either congenital or acquired heart disease. We suspect that these 
murmurs are associated with the changing position of the heart during 
pregnancy. The remaining 244 cases shoAved no cardiac pathology. To 
be sure, all of these 244 patients Avere referred to the heart clinic of the 
hospital for an opinion because they had signs or symptoms AAdiich sug- 
gested the possibility of heart disease to the house offieers in the roiitiue 
admission physical examination. The signs and s^raiptoms AAdiich attracted 
their attention Avere systolic murmurs, moderate or faint at the base, and 
best heard in the pulmonic area; reduplicated first or second sounds; 
simple sinus tachycardia; or extrasystoles. A fcAV had a storj^ of mild 
palpitation AAdiich may liaAm been paroxj’-smal tachycardia. Complaints of 
vague palpitation, breathlessness, night starts and a sense of Aveakness also 
served to send some of the iiatients in this group to the heart clinic. In 
none of these 244 patients Avas organic heart disease found. The signs and 
symptoms merely arrested the attention of the routine examiner AAdio re- 
ferred the patient for special examination. The group cannot, in any AA^ay, 
be considered a group of patients AAntli abnormal hearts. They Aveie 
examined carefully to determine AAdiether they had heart disease and AA'ere 
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found to liave none. Tliey arc, therefore, more clearly a normal -roup so 

rnecl than -woukl he any unselected group ol 


far as their hearts are concer 

pregnant •women. , 

In Table I are tabulated the 17 cases, the records from '^vbich shou ed 
continuously present. Among these, there was one patient, -xiith 


deep Q3 conuuuuu^siv — ’ - , v i 

definite rlieumatic mitral stenosis, one Avitli questionable rheumatic mitral 
regurgitation, and one with active rheumatic infection, that is, two or at. 
the most three cases of organic disease in the 17 showing a deep Q.-i-wavc 
in all complexes of Lead III. One patient died of eclain])sia post partum. 
but there was no evidence of eclampsia when tlie electrocardiogram was 
taken. In the remaining 13 patients there was no organic cardiac pa- 
thology. There was no evidence of the anginal syndrome in an.y patient 
in this series. 

Should a deep Q.-, be related to organic change in this series, we would ex- 
pect to find evidence of such change present in a greater number of those 
patients whose electrocardiograms exhibited the dee]) Q-wave in all com- 
plexes of Lead III. Only 17.6 per cent of the seventeen patients con- 
tinuously showing deep Qa had organic heart disease, wliilc in the scries 
as a whole 21.6 per cent were diagnosed as having definite organic cardiac 
change. To present the results even more clearly : 

Among 98 patients with organic or doubtful heart disease deep Qa was 
found 3 times (3 per cent). 

Among 24:4 patients with no heart disease deep Qa was found 14 times 
(5.7 per cent). 

All but six of the seventeen electrocardiograms which contiiiuously 
showed deep Qa were taken in the sixth month of pregnancy or later. Like 
Pardee^ we found that Ri was greater than Ro in the majority of the cases 
showing deep Q3. In one of them Ri equaled Ro, the Q- and R-waves in 
Lead III nearly balancing each other. The presence or absence of the 
various waves and the positive or negative quality arc indicated in Table I. 
The finding of greatest significance is that T3 is inverted in sixteen eases 
and is flat in the remaining one. Of almost equal importance and of 
similar significance, as will be discussed below, is the fact that in twelve of 
the seventeen cases P3 is variable, that is, positive, negative or iso-electric. 
The P-wave is flat in one and upright in only four. The actual axis devia- 
tion according to the criteria which we use (^Yhite^) was normal except 
for one instance of left axis deviation. 

In Table I are also tabulatcfl the iihre cases sbon-ing marked variation 
01 Q,, presumably respiratory. At its least value Q,, is less than 25 per 

ataLt or 

m™ OKs ’if i f * 25 per cent of the maxi. 

discussedlecause the 

not contmuously present. They shoav that deep Q., i„ some euLs is ha! 
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coastent and feoely variable. We xviaU to call attention ^ 

the follotving findings : in seyon of these nine eases T,, .s nn-cr ed and m ho 
other two is flat. Pj is inverted in one case, vanes from inverted to slight j 
positive in six and is upright in two. Tlie axis is normal in six, shows eft 
deviation in one, and varies from normal to left in tvo. In all except tv o 
the electrocardiograms were taken in the six'th month or later. 


DISCUSSION 


In our opinion, these findings in pregnant women indicate that a large 
Q3 may result from a change in position of the heart. This may arise from 
a more transverse position of the heart. or from rotation of the heart on 
its own long axis or a combination of these two. Scvoi al contiibutions to 
the literature concerning the influence on the electrocardiogram of the 
jiosition of the heart in sinicc arc of intci'cst in this connection. Cohn hj 
■ rotating the leads of the electrocardiogram taken directly from the chest 
in a clockwise manner 80 and 120 degrees produced curves showing typical 
large Qa-waves. He points out that these electrocardiograms are es- 
sentially those of left axis deviation as would be expected from the angle 
of the heart in respect to the rotation of the Einthoven triangle. It is 
important, however, that these artificial curves ditfer from true left axis 
deviation in one respect, the Pa- and Ta-waves arc inverted, i. e., arc in the 
same direction as the QRS complex in Lead ITT. This corresponds to the 
result of Bland and White’s study® of complete invei’sion of Lead III due 
to transverse position of the heart. Findings of similar significance in re- 
gard to the inverted T-wave in Lead III a.ssociated with left axis deviation 
comes from studies on the elect rocai’diogram in obesity."’ ® This evidence 
from the literature points to the possibility that inverted Ta and Pa are 
characteristic of transverse position of the heart. In our experience in- 
verted Ta and low, iso-electric, inverted or variable Pa are commonly as- 
sociated with the presence of large Qa (see Table I). 

Our findings in pregnant women, both with and without heart disease, 
in whom we relate the occurrence of deep Qa to the transverse position of 
the heart, suggest that in nonpregnant patients a deep Qa may he associ- 
ated Avith a particular body type, characterized by a relativelv short, thick- 
trunk and high diaphragm (a t^m traditionally subject to ’degenerative 
vascular disease), rather than with organic change in the heart muscle 
Itself. Certainly a sign which can so readily be produced by chano-e in 
position of the heart would seem to he unreliable as an aid in the diagnosis 
o± organic disease of the myocardium’. ° 


diphasic waves. 

.■.v.;.'”' s..o,v„ varmne i.o-.tecMc, or 
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SUMMARY 

A large Q 3 as defined by Pardee Avas found in seventeen of the 342 preg- 
nant Avomen. This is slightly less than 5 per cent. Ninety-eight of 
these Avomen had organic heart disease or signs AA^hieh justified a diagnosis 
of possible organic heart disease. Only three of these cases had large 
Qs— slightly more than 3 per cent. Tavo hundred and forty-four of the 
Avomen had no organic heart disease. Fourteen of these had large Q 3 
(5.7 per cent). 

The anginal syndrome Avas not present in any of this series, nor have Ave 
ever found it in a pregnant Avoman. 

A large ma3’’ occur transientlj’’, apparent!}’’ modified bj^ phases of 
respiration. We found nine such eases in this series. 

A large Q3 is frcquentl}’- associated in this series Avith inverted T3 and 
loAV or inA’'erted P3. These findings are characteristic of transverse posi- 
tion of the heart according to evidence from tlie literature. 

The comparativcl}’’ frequent oecmTcnee of large Q 3 during pregnancy 
in patients AAuth normal liearts, as contrasted Avith its reported rare oc- ■ 
currence in series of patients Avith normal hearts Avliere pregnancy Avas 
not mentioned and probabl}" Avas rarel.y present, suggests that a large Qs 
ma}’’ be related to a transverse position of the heart such as occurs during 
pregnancjL In our opinion, therefore, a large Q 3 is not reliable as a sign 
of heart disease. 
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eleoteocabdioghaphic and blood pressueb ciungbs 

IN experimental PBEICASDIAL BBPUSION AND 
OCCLUSION OF THE VENAE CAVAE* 

Emmet B. Bay, M.D., Wayne Gordon, M.D., and ^YRIGI1T Adams, 

Chicago, Ile. 


C HANGES in the ST-segment of the clcclroeardiograra have been 
studied since 1909, when Eppinger and Rothbergcr^ observed such 
changes in dogs following the injection of silver nitrate into the heart 
muscle. Their work was confirmed by others. In 1918 Smith- produced 
ST changes in dogs bj’’ ligation of the coronary arteries, and in 1919 Her- 
rick® described such changes in clinical cases of coronary occlusion. A 
large mass of literature has accumulated with regard to these changes, and 
it is generally agreed that marked changes in the ST-segment are particu- 
larly frequent when there are infarctions near the apex. Changes in the 
ST-segment have been observed also in pneumonia,'' in rheumatic fever,'’ 
after the use of digitalis, and, combined with changes in QBS, in bundle- 
branch block. 

In 1929 Porte and Pardee® reported ST changes in patients with peri- 
carditis. They did not consider specifically the question of pericardial ef- 
fusion, but at least one of their patients had an excess of fluid in the peri- 
cardium as shown by the postmortem examination. Scott, Feil and Katz' 
reported the occurrence of marked ST changes in patients with pericardial 
effusion, notably one with an aneurysm which had ruptured into the peri- 
cardium and without active inflammatory changes or coronary disease. 
The same group of workers® reported at the same time a series of experi- 
ments on clogs in which they found elevation and convexity of the ST-seg- 
ment, inversion of the T-wave, and shortening of the ST interval following 
the injection of fluid into the pericardium at various pressures. Poulger 
and Foulger" have confirmed these findings. We have failed to find in the 
literature any previous description of ST changes in pericardial effusions, 
although in several reports a casual mention of reduced QRS amplitude 
was encountered. Padilla and Cossio^® have since reported changes in two 

patients, and Harvey and ScotP^ in one, similar to those reported hy Scott 
Feil and Katz. ‘ ' 

The occurrence of ST changes similar to those of coronary disease in 
other conditions appears to justify experimental study nitii a view to 
learning the mechanism of the change. 


experimental observations in pericardial EPPUSION 

The first portion of this report is concerned ivith a series of thirty pvdpi'? 
~ „toeteon dogs involving pericardial efcsion oS„rtS; 

■Vron, the Department oI Metllelne oC the Dnlverslty ot CWc.eo, 
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a method similar to that used b.y Katz, Feil and Scott. The pericardial 
pressure was recorded on a smoked drum by means of a mercury manom- 
eter. Tracings were made simultaneously of the pressure in the carotid 
artery with another mercury manometer. Electrocardiographic tracings 
were made by the three leads customary in the human electrocardiogram. 
In a few experiments the chest was allowed to remain open, and artificial 
respiration was maintained throughout the experiment; this did not ap- 
pear to affect the results. 

Elevation of the pericardial pressure produced uniformly a diminution 
of the carotid pressure. Our curves with regard to this change are similar 
to those previously reported by AVilliamson and Ets'= and studied in 
greater detail by Foulger and Foulger.® Pericardial pressures of 4 to 
6 mm. mercurj’^ produced little or no change in systemic arterial pressure, 
and additional pericardial pressure caused a fall of systemic blood pres- 
sure in an increasing degree. In eighteen experiments in which the arterial 
pressure was allowed to fall to 30 mm. mercur 5 ’- or less vdth gradually in- 
creasing pericardial pressure, the pressure required to produce such a fall 
varied from 11 mm. to 28 mm., averaging 17 mm. 

The pressures in the right auricle were followed in four dogs by means 
of a manometer filled with normal saline connected with a catheter in- 
serted through the external jugular vein into the auricle. In two it was 
consistently a little less than the pericardial pressure, and in two it was a 
little greater. In all cases it rose as the pericardial pressure I’ose, and there 
was no change in the relationship of the auricular and pericardial pres- 
sures when the arterial pressure fell rapidly. 

In the electrocardiogi-ams diminution of amplitude of QRS as the peri- 
cardial pressure was increased wms observed in twenty-seven of thirty ex- 
periments. In three it was the only change noticed. With sufficient peri- 
cardial pressure to cause the arterial pressure to fall to less than 25 mm. 
and to abolish pulsations in the carotid cannula QRS was usually about 
one-third its normal height. 

The most striking changes were in the ST-segment and the T-wave. In 
twenty-seven of thirty experiments these changes were present. They con- 
sisted of one or more of the folloAving phenomena : deep, sharp inversion 
of the T-wave in all leads ; elevation of the origin of the ST-segment ; de- 
pression of the origin of the ST-segment; and marked convexity of the 
curve following QRS with a peak nearer S than the normal T-wave. Ele- 
vation of the take-off occurred twenty-four times. It was accompanied 
twenty-one times by both a sharply inverted T-wave and a broad upward 
convexity, and three times by a bi'oad convex peak alone. In the experi- 
ments in which both convexity of ST and inversion of T were found, the 
inversion of T occurred first and the inverted peak was gradually effaced, 
partly or wholly, as the elevation and convexity of the preceding portion of 
the curve increased. Except for the fact that T was occasionally inverted 
in Lead I while still upright in Leads II and III, changes were always in 
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the same direction in all leads. Deiiression of the ST origin, witli a plateau 
below the isoelectric line and with a sharply inverted T-wave, was seen in 
two dogs. In one experiment inversion of the T-wave with no change other 
than diminution of the amplitude of QRS was seen. A typical example 
of ST and T changes is shown in Fig. 1 A. The frequency of the types of 
change is summarized in Talile I. 


Table I. 

Occurrence of Changes in Pericardial Effusion 
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minutes. The changes in T and ST showed striking variations in behavior. 
In twelve of the twent y-seven experiments in wliieh such changes had oc- 
cuiied, the deviation of ST was greater for a time after the release of the 
piessiire than before. In three of the twelve, changes were progressiA'elj’' 
greater until the death of the dog in spite of the fact that the pressure in 
the pericardial cavity had been released and that the sj^stemic blood pres- 
sure was also improved for several minutes. In one the time of maximum 
change was not recorded ; in eight the greatest height of the convexity of 
ST was found from the first to the fifth minute after the pericardial pres- 



Fig. 1. — Electrocardiograms from typical experiments. All tracings are from Lead II. 

A, Dog with pericardial effusion : Aa, control (pericardial cannula in place) : Ab, max- 
imum change during the effusion ; Ac, maximum change after the effusion. 

B, Dog with venae cavae ligated: Ba, control (ligatures in place but not tightened! . 

Bb, maximum change during ligation of cavae ; Be, maximum change after ligation or 
cavae. . 

G, Dog on which both experiments were performed : Ca, control (cannula and liga- 
tures in place) ; Cb, maximum change during ligation of cavae ; Cc, recovery: Cd, maxi- 
mum change during pericardial effusion. 

sure had been released. After the fiftli minute all these nine showed 
changes approaching the normal. In fifteen experiments the first tracing 
taken after the release of the pericardial pressure, in each ease within two 
minutes and usually sooner, showed that the return of the curve to normal 
had alreadj^ begun. There was no relation that we could discover between 
the height of the pericardial pressure or the duration of the pressure and 
the behavior of the curve following release. 
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111 three do-s the experiments were performed repeatedly noth the am- 
«a^rriten,ately on the back and on the bell,. The em-ves wene the 

same regardless of.the change in position. 

The electrocardiographic tracings talceii to control the operative pio- 
eedures showed changes in the ST-segment in two dogs. Tliere were in one 
case slight elevation and slight convexity of the ST-segmeiit touring the 
period of pneumothorax and a normal tracing after tlm 
closed. The other is illustrated in Pig. 1 A. The amphtndc of QKb toi- 
loiving the operative procedures averaged 87 per cent of its lieight before 
the chest was opened. The changes were insignificant in comparison with 
those obtained by increasing the pressnre in the pericardium. 

In considering the mechanism by which changes in the electrocardio- 
gram with pericardial effusions are produced, at least five jiossibililies 
present themselves. These are; (1) resistance offered to venous return, 
either to the right or to the left side of the heart with consequent lowering 
of the efficiency of the coronary circulation; (2) direct pressnre on the 


cardiac arteries or veins or on the cardiac muscle; (3) chemical action 
of the normal salt solution used ; (4) interference with the cardiac innerva- 
tion ; and (5) changes in temperature. Of these we regard the first two as 
of most importance for further consideration. The fact that recovery oc- 
curred with the heart still bathed in the solution used for the effusion but 
retained in the stretched pericardium at zero pressure speaks against chem- 
ical changes. The fact that the final part of the ventricular complex is the 
part affected would suggest that the extrinsic cardiac neiwes were not the 
seat of the most important clianges. Changes in temperature were un- 
doubtedly present in spite of the fact tliat the fluid used for effusion was 
warmed to body temperature, but particularly in the animals in which live 
chest was left open during the experiment the temperature changes must 
have been as great during control periods and during periods of low peri- 
cardial pressure as during the period in wliich the pressnre was raised suf- 
ficiently to result in electrocardiographic changes. 


EXPERIMENTAL OBSERVATIONS ON OCCLUSION OF TPIE GREAT VESSELS 

To determine whether or not interference with venous return to tlie 
heart was the important factor in producing changes, experiments were 
devised of two general types: first, occlusion of the great vessels to see 
vffiether such changes were produced thereby in the absence of pericardial 

of a peri- 
cardial effusion to see if the changes were prevented 

O.Z z;r zztz 

t.bes so that tke vessels eould be oeeWed ZXSlHdlf 
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the experiments the pericardial sac was removed and a ligature passed in 
a similar fashion about the pulmonarj’- artery at its origin. With a few ex- 
ceptions in which longer periods were used, constriction of the vessels v'as 
for two minutes in each experiment, as the animal frequently failed to sur- 
vive the longer periods. 

In thirty-three experiments on nineteen dogs involving occlusion of the 
inferior and superior eavae alone the blood pressure curves resembled those 
of the pericardial effusion experiments. The blood pressure fell somewhat 
more rapidly to 10 to 20 mm. mereuiy, and when the vessels were released 
it rose immediately, usually above the previous level for a few minutes. 
The rise in the blood iiressure was regularly accompanied by slowing of 
the rate. 

The electrocardiograiDhie changes were chiefly in the T-wave and in the 
ST-segment. The degree was much less than that noted in pericardial ef- 
fusion. In no ease did the changes resemble the typical cove-plane curve 
seen in the pericardial effusion experiments. In each of the nineteen dogs 
there was a slight slurring of the origin of ST with the first experiment and 
this usuallj’’ persisted. In eleven experiments there was no other change 
in the ST-segment. In four experiments there was a slight elevation, and 
in eighteen there was a definite depression of the ST at some time during 
the first two minutes after the release of the vessels. These changes occur- 
red seventeen times before the veins Avere released but in each ease became 
more marked during the first or second minute after release. Inversion of 
the T-wave occurred four times in thirty-three experiments. T was usually 
more positive after the release of the vessels and frequently reached heights 
of 10 or 12 mm. in Leads II and III. Changes were always in the same di- 
rection in all three leads. A tyijical series of curves is illustrated in 
Fig. 1 B. 

OCCLUSION OF THE PULMONARY ARTERY 

Inasmuch as the pericardial effusion pressures could conceivably affect 
the venous return both to the left and to the right sides of the heart, it ivas 
considered desirable to observe the effects of occlusion of the pulmonary 
veins in order to eliminate circulation of blood through the coronary and 
pulmonary circuits. As this offered very great technical difficulties, it Avas 
decided to occlude the i^ulmouary cix’cuit on the arterial side, thereby ac- 
complishing AA'hat Avould appear to be a mechanically similar result. Seven 
experiments Avere performed on fiA'e dogs in Avhich the great A'cins and the 
pulmonary artery Avere occluded simultaneously for two minutes. Seven 
experiments on the same five dogs A\mre performed in AA'hich the venae eaA ae 
Avere occluded alone for a similar length of time. The order in Avhich the 
tAvo kinds of experiments Avere performed Avas Amried Avithout any change 
in the results. In each of the experiments of this series, Avhen the venae 
caA'ae Avere occluded alone, there aa'rs a .slight depression of the Sr-segment 
Avhich became more marked Avhen the vessels Avere released. The maximuin 
dcA’iation from the isoelectric line aA’eraged 2.1 mm. and occurred uni- 
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fomly cluvmg the tet mimite after release. When the p„ln,o.,ar.v artery 
wos ligated also, the changes were exactly the same, hnl. of greatei ( cgie , 
the maxinmm deviation of ST averaged 3.0 mm. and oecmTcd dm.n„ ! c 
first minute after release in six experiments and dnrrog the .second minnte 

In five dogs both ai-tifieial pericardial effusion and occlusion of the venn 
^yere performed. With pericardial effusion both marked elevation of hi 
aird iiiversion of T occurred in four and inversion of T with a coiu’ex S 1 
approximately on the base line in the fiffh. With occlusion of Ihc veins 
the only marked change was increased height of tlie T-wavc in four. Tlic 
ST'Segment deviated slightly upward iu two and downward in t wo and was 
nnclianged in one. The different types of curve obtained in the same dog 
are illustrated in Fig. 1 C. 

In seven experiments the pericardial effusion was produced in the eu.s- 
tomary fashion and the ST changes described above v'cre obtained. Fol- 
lowing a recovery period the exjieriment Avas repeated, but at the same time 
physiological solution of sodium chloi'ide Aims alloAved to floAv into the right 
auricle through a catheter inserted into the external .iugnlar vein. The 
rate of floAv Avas from 100 to 200 e.e. a minute. In these experiments the 
blood pressure fell slightly, but much less than Avhen no infusion avos given. 
The eleetroeardiogi'aphic changes Averc equal!}' great in two, more marked 
in tAVo, and less in three than in the ordinary pericardial effusion experi- 
ment. In none were ST and T changes prevented. 

In four experiments a similar infusion Avas given into the left auricle 
through a special cannula Avbich Avas inserted into llie auricular appendage 
through a liole in the pericardium Avhich Avas made Avater-tight by a pur.se 
string and nut about the cannula. Iu all of Ihis series inA’orted T-Avaves 
Avere produced, and in three animals there Avas an elevation of the ST-seg- 
ment. The electrocardiographic changes Avere the same in each animal 
Avith and Avithout the infusion of fluid into the auricle, although the fall iu 
blood pressure Avas less Avlien the infusion Avas given simultaneously AAutli 
the pericardial effusion. 

It is evident from these experiments tliat elevation of the ST-segment of 
the electrocardiogram of the dog in the presence of pericardial effusion is 
not simply a function of the interference Avith A’enous return to Ihe rio-ht 
side or to both sides oJ the heart. Interference with the venons retnrn alone 
appears to lave little effect on the ST-segnient, hut tends to produce 

Sudden filling of the heart, as when the oeeliided vessels are released pro 

KrandTak°S"f ' ” "’T"? “ l-ieaiS^ p 

iiatz and allace^ have produced evidence to indicate that fall it, 
“d ST changes hx coro'nary occlu- 

tribntory factor here, Ave belicA^e nee^ con- 

-iona.se.pi.es., inahiyeoinpres::^^^^^^^^^^ 
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SUMMARY 

Tlie electroeardiograpliic and blood pressure changes previously re- 
ported in the presence of artificial pericai’dial effusions have been con- 
firmed with some additional detail, particularly concerning the recovery 
period. Change in position of the animal does not alter the extent or di- 
rection of the observed changes. Simultaneous rapid infusion of normal 
salme solution into the right or left auricle modifies the blood pressure 
changes, but not the electrocardiographic changes. Transient occlusion of 
the venae eavae or of the cavae and the pulmonary artery causes a com- 
parable drop in systemic blood pressure, but does not reproduce the electro- 
cardiographic changes of artificial pericai’dial effusion, and tends to pro- 
duce changes less in degree and opposite in direction. This difference holds 
whether the experiments are performed on the same or on different ani- 
mals. Some possible mechanisms by which pericardial effusion might 
produce electrocardiographic change are discussed and interference with 
venous return, chemical changes, and temperature changes eliminated 
from consideration as the primary mechanism. The effect of direct pres- 
sui’e on the myocardium, on the coronary vessels, and on the Thebesian ves- 
sels remains as an important possibility. 
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A SIMPLE i^rETHOD FOR GRAPHIC DESCRIPTION OF CARDIAC 

AUSCULTA TORY SIGNS^* 


HakoijD N. Skoauj, j\r.D, 
jroxTnEAn, Caxaha 

P HYSICIANS ^v]lo arc in tlie Iiabit ol m-ortlinj: Dioir clinical observa- 
tions are familiar willi llie sense of lack of completeness ^vllicll tlicy 
expericnce in describing cardiac anscultatory sig)is. One factor wbieb 
contributes to tbis feeling of dissatisfaction is that in writing the record 
after tlie entire pbysieal examination has been completed, tberc is an si])- 
preciable degree of nneertninty as to wbclber one's memory of the signs 
at various points over the precordiinn is exact. A second facdoi’ is that in 
order to describe the signs heard at all points, the repoil must be rallicr 
long, and one rarely escapes the feeling of tedionsne.ss both in writing and 
in reading it. Thus the record, if complete, is verbose, and if brief, is in- 
complete. By using the graphic method dc.scrihcd below tbo memory 
factor is eliminated beeansc tlie record is made while listening; and Djc 
signs can be accurately described without tiic use of any words in most in- 
stances, and only an occasional ad.icetive to describe some peculiar quality 
of a sound or murmur in some eases. 


t L.onOiLadin&.l'ox.is = Loudness. 
— ^ Tr^nsver.se oocis = Durc.tion . 


1 Cm == 0-/SO Second.. 

. Lov punched, coorse or 
rambling murmur, 
zffi^h pitched, bloving or 
vhiffy murmur. 

n n Monnd hee,rt 



sounds. 

One cycle. 

doscripUon of cardlnc f^ounds 
Cenonu Ho.pam and U. Bopan.ont of 


Pig. 1 .— The code of symbols ai 
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The essential features of a heart sound may be expressed in terms of 
its lelative loudness and dui’ation; thus a loud, short sound has a sharp, 
snapping quality and a less loud, longer sound has a duller quality. By 
representing loudness in terms of the vertical axis and duration by the 
horizontal axis a rectangular figure describing the heart sound is drawn. 
It is obviously necessary to adopt some general rules for guidance in deter- 
mining first, the size of the rectangles and second, the length of the spaces 
between tliem which denote time intervals. As the standard size of average 

1 2 1 



.Sbc>.ndcxrd lor norma.1 

sounds e^pex. 


Fig. 2. — The auscniltatory signs observed in a case of rheumatic heart disease 'vith 
aortic stenosis and insufficiency and mitral stenosis and insufficiency. The practical 
value of the graphic method, its accuracy and effectiveness as a time-saving procedure 
are well illustrated by comparing the above record, tlie original of which was made as 
the observer was listening over the heart, with the following verbal description. 

At the apex : the first sound is loud and sharp and accompanied by a blowing systolic 
murmur which continues almost up to the second sound ; both the sound and the murmur 
are louder in the dorsal recumbent than in the sitting posture ; the second sound is 
rather faint. In the sitting posture a short presystoJic, rough crescemlo murmur i.s 
heard. In the dorsal recumbent posture, a rumbling mid-diastolic decrescendo murmur 
and loud, rough, presystolic murmur are heard ; the latter is longer than in the sitting 
posture. At the left border of sternum, in the fourth space, the first and second sounds 
are moderately loud, the second is sharper than the first ; a late systolic blowing murmur 
accompanies and follows the first sound, and a blowing diastolic murmur of about equal 
loudness follows the second sound without any interval between the end of the sound and 
the beginning of the murmur. At the pulmonic area the first sound is less loud than at 
the apex and is accompanied by a moderately loud, somewhat late, rough systolic 
murmur; the second is duplicated, the first half being louder than the second half and 
also louder than the first sound : a blowing decrescendo diastolic follows immediate^ 
after the second half of the second sound. At the aortic area, the first sound and systolic 
murmur are similar but somewhat louder than at pulmonic area ; the second is duplicated 
but less loud than at pulmonic area, and the diastolic murmur seems similar in 
spects. In the neck region, above the clavicle, the sounds and murmurs are about as 
at the aortic area, except that the second sound is not duplicated. At the Wicu.spid drea, 
both sounds are less loud than anywhere else over precordium, and there is onlj’ a rela- 
tively short, late blowing systolic murmur. 


normal sounds, 10 mm. (vertical) by 7 mm. (horizontal), for the first 
sound, and 7 mm. by 5 mm. for the second, are convenient and suitable. 
The time is expressed in terms of 1 cm. for 0.20 second. By describing the 
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first and second sounds of one cycle and tlie first sound of the next, one in- 
dicates the nature of the heart rate, and the length of systolic, and diastolic 
periods is clearly portrayed. If the rhythm is normal, only one cardiac 
cycle need he described (Fig. 1) ; valuations in rhythm may be described 
by recording a series of sounds in the order in which they are heard. The 
relative loudness and duration of the sounds are exiiressed b}’- varying 
the size and shape of rectangles. Holding the stethoscope ivith one hand 
the graphic notes are made with the other, while listening. 

The point at which the signs are observed can be accurately recorded 
with the aid of a simple diagram of the heart. I have tried using the 



— LiU I A / 

norma.! 

-Sounds ev.pex 


orthodiagraphie chart of the heart in , • 

^gnsgrapMcallyattheverypointewherethetr^ wording the 

have fouad it less simple apd oonvenilnil “PPUed, but 

and 3, which requires only the ordinarv “ Figs. 2 

outline of the thorax stamp'ed ««t<^Paper, preferably with an 

The essential features of a 

the heart sounds; second, its pitch'^ST/ to 

tion; and last, the point, or points at J- f 5 fo^trth, its dura- 

a amgle cardiac cycle (Pig, 2 , offers a ' “ The pattern of 

™-ately the portion of the cycle durL”™?®* ae' 

ds tune relations to the sounds and it! nrormnr is heard; thus 

hi"h or low T “‘^iodted. 

be de! 1 . "dves Tl™ “ «>« dominant 
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curves, forming a serrated border (Fig. 1) to indicate the dominance of 
low vibration frequencies. In the presence of a sufficiently loud low- 
pitched murmur a thrill is palpable ; the serrated border of the diagram 
representing the low-pitched murmur suggests the tactile sensation of a 
thrill. High-pitched murmurs are represented by closely placed vertical 
lines to indicate higher vibration frequency. The loudness of the murmur 
is conveniently described by varying the vertieal length of the lines, the 
description of the loudness of the heart sounds being used as a standard 
for comparison. The points at which the murmur is heard are readily in- 
dicated by referring to a diagram of the heart as in Fig. 2 or Fig. 3. 



AOETIO ANEURYSM WITH HUC4B SECONDARY ANBURYSI^r OP 

THE CHEST AYALL. REl’ORT OP A CASE 

LiUBENCE E. Hkes,« B.S., M.D„ ANO J. RoSCOB Mn.I.EB.f M.s„ M.D. 

Chicago, IcIa. 


A THIN colored laborer, thirly-two years of age, entered Cook County 
Hospital, February 5, 1932, complaining oC snbstcrnal “soreness,” 
pain in tlie left slioulder and chest, prodnctive congh, loss of 15 pounds in 
weight, and dyspnea on slight exertion. The initial symptom, snhslcina 
discomfort, had been present for one year. He had had gonorrhea tuice 
and a chancre at the age of twenty years, for which he rccciA-ed forty-eight 
inercnry inunctions. He had drunk onc-half. pint of whiskey dailj for ten 
years. The family history was not remarkable. 

On the first examination there was a small pulsating mass at. the right 
sternoclavicular articulation over which a systolic thrill could he palpated. 
There was extensive widening of mediastinal dullness (15 cm.) The heart 
was enlarged slightly to the left (11 cm. from the midstcrnal line). A 
systolic murmur at the base and booming aortic second sound also were 
present. Other findings were: ITyperresonanee over the apex of tlic right 
lung anteriorly and by porcsonance over the same portion posteriorly; de- 
crease in Kronig’s isthmus on the left side; extension of liilar dnllne.ss lat- 
erally 6 cm, from the spine on the right side; enlarged, tender jirostatc; 
callous teeth and slightly enlarged lymph nodes in the riglit supraclavic- 
ular fossa. The blood pressure of the right arm was 100/74, of the left 
<ann 110/84, pulse rate 104, temperature 98. 6 degrees. AVassermann tests 
of blood serum and spinal fluid were negative. The erythrocyte count, was 
4,200,000, hemoglobin 7S per cent, and ieucocyles 10,500. The urinalysis 
was negative except for an occasional hyalin cast. Tlie eloetrocardiogram 
showed a sinus mechanism, normal conduction time and a prominent 
Q'Wave in Leads II and III. X-ray and finoro.scopic examinations re- 
vealed a large aneurysm involving tlie aorta, with marked opacity in the 
middle half of the right lung. 

He was given bismuth salicylate intrainnscularly for one month. Atarch 
14 he left the hospital witliont permission. 

The patient returned June 6, 1932, complaining of short, ness of breath 

numbness of the right hand and arm and a large swelling of the ri'dit 
chest, - “ 


_ Examination now showed a large tender mass, extending from the rio-lit 
mfraelavieular area to about the third intercostal space, which lunran 
pulsation synchronous with the heart beat. The blood pressure 

m&th Med?cln^^ Univer.c;Uy School of Metlicine. 
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iu the right arm was 110/90 and in the leXt arm 320/90. There were no 
other changes in the physical findings. The erythrocyte count had drop- 
ped to 3,400,000 and the hemoglobin to 60 per cent. The electrocardiogram 
was not changed. The condition of the patient rapidly became worse. He 
experienced a moderate amount of pain which was readily relieved by 
morphine. The size of the mass increased rapidly so that on June 18 it 
measured 12 by 20 cm. and was 10 cm. in height. It became more tender, 
and three days before death blood began to ooze through the skin. An elec- 
trocardiogram made on this date showed a marked decrease in voltage in all 
leads, especially the first. June 24 the patient fell out of bed, with no 
demonstrable bad effects. He became more ajid more dj'spneic and died 
June 26. 



Fig-. J, — Front view of patient taken June 20 . 

Fig. 2. — Side view of patient. Same date a.s in Fig. 1. 


A necropsy showed a bulging mass of the right chest which measured 
15 by 24 by 25 cm. The veins of the chest Avere dilated, and the skin over- 
lying the swelling was thin and hemorrhagic. The mass Avas a huge sac- 
like structure formed by the muscles and fascia of the chest, and filled with 
laminated blood clot. The sac communicated Avitli a similar caAoty in the 
right pleural cavity by a tract betAveen the second and third ribs. These 
ribs were separated Avidely and partially eroded. The sac in the pleural 
caAuty Avas continuous Avith a large fusiform aneurj^sm inA'-ohdng the en- 
tire arch of the aorta. The heart Avas moderately enlarged. The myo- 
cardium Avas purple gray in color and friable. Immediately above the 
aortic Amh^e Avas a fusiform dilatation of the aorta inAmlving the entire 
arch, forming an aneury.sm about 14 cm. in diameter filled AAoth laminated 
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Pig. 0. — X-ray picture of clie.st taken June 7, 


the myocardium ; chronic tumor o£ the spleen ; decreased lipoid content of 
the adrenals and marked passive congestion of the kidneys. 

COMMENT 

A report is made of a fusiform aneurysm of the aorta 7vith an enormous 
secondary aneurysm of the chest wall. 

Despite the size and character of the aneurysm, rupture did not occur 
because of the laminated clot within the sac. Death was tlie result of 
cai'diac exhaustion. 



Department of Clinical Reports 


THE REMOVAL OF A LARGE NEEDLE PROM THE HEART WITH 
ELECTROCARDIOGRAPHIC CHANGES IN RHYTHM 
DURING OPERATION'^ 

W. W. Eakin, M.D. 

Montreal, Quebec 

'^HE removal of foreign bodies from various situations in the heart is 
recorded from time to time. These have included needles, nails and 
particularly during the war, bullets, and other foreign bodies. Of the 
cases reported, the needle has not infrequently been mentioned and, when 
penetrating deeply, has, in many eases, been followed by death. Hinton^ 
reported one and quotes Mej^er-Pantin- avIio collected twelve such cases. 

Apart from those cases in which death is an early event, it is remarkable 
how some patients Avill tolerate a large foreign body apparently for a con- 
siderable length of time. OeeasionalL’' a foreign body, corroded and fri- 
able, has been found incidentally at autopsy, and its appearance has sug- 
gested that it has been retained for a number of years. 

The patients who survive its entrj’- generally develop symptoms which 
gradually increase in severity. Intense preeordial pain and dyspnea have 
been frequently noted, and in one case reported® irregularity of the pulse 
and tachycardia supervened. 


CASE REPORT 

A case which came to oiir attention was that of a girl, twenty-two years of age, 
who was referred to this hospital in the surgical service of Dr. P. A. C. Scrimger. 
Her complaints were those of severe pain over the precordium, radiating over the 
front of the chest; weakness, and dyspnea on exertion. 

Her history was that five months previously, while employed as a domestic, she 
fell to the floor while doing her housework. In falling, a needle which she had stuck 
in the front of her dress, was driven into the wall of her left chest. It was, at the 
time, quite painful but she did not immediately seek medical advice. The needle 
apparently disappeared completely from sight and no attempt was made to recover 
it. During the ensuing weeks she became increasingly troubled with pain in the 
chest. It was described as sharp and severe, but never of a stabbing character. It 
gradually became persistent and was constantly present, day and night. At times it 
radiated across the front of the chest from a point of maximum intensity over the 
precordial region. It did not radiate down either arm, or to the back. It was not as- 
sociated with faintness or loss of consciousness. The pain was greatly increased by 
movements of her arms and for sometime past she had been unable to work. Pour 
weeks previous to admission the pain became so severe that she was completely in- 

*From the McGill University Clinic, Royal Victoria Hospital. The surgrical 
aspect of the case is being reported elsewhere by Dr. Scrimger. 
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capacitated and was forced to consult a pliysician. At this time she began to ex- 
perience some difficulty in breathing, a condition which added greatly to her dis- 
ability. An x-ra 3 " film disclosed a needle-like shadow within the cardiac area, aiid 
she was referred bj’ Dr. A. V. Tra.ynor of Kitchener, Out., to the Ttoj-al Victoria 
Hospital. 

Her personal historj' revealed that she was born in Ukrainia, that there had never 
been anj^ cardiac sj'mptoms prior to the prc.sent illness and that there was no Jiistorv 
of previous illness. 

The patient was well developed, and, except in the cardiovascular .s.v.stcm, ex- 
amination revealed nothing of importance. The pulse was regular; there wa.s no evi- 
dence of arterial thickening, and the blood pressure Avas 130 mm. Hg sj'stolic and 
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ture of the heart showing the position of the needle in an A-P view. The point of the 
needle, as later determined, is at B. The pericardial adhesion was at point C. 

The electrocardiogram (Fig. 2) taken on admission shows a low voltage of the 
QRS deflections with an acutely negative T deflection in the .second and third loads. 
This was taken as evidence of localized ventricular muscle damage. The electro- 
cardiogram resembles that seen in coronary thrombosis of some duration. 

The operation by Dr. Scrimger, reported in detail elsewhere, was as follows: 

An incision was made from the level of the .second rib in the midsternal line down- 
ward to the xiiflioid and then across to the left parallel to the rib margins three inches 
beyond the tij) of the xiphoid. The sternum was then chiselled through about its 
midpoint from the xiphoid to the level of the second rib. The chisel was then turned 
and the sternum cut through into the second rib and the cartilage of the second rib 
cut with the knife, thus making an osteoplastic flap which exposed the anterior 



Fig. 2. — Tracing taken before operation. A low voltage of the QRS deflections and 
negative T deflections in the second and third leads may be observed. . 

Figs. 3 and 4. — A period of lowered voltage with occasional extrasystoles on inserting 
the hand into the pericardial cavity was followed by a change in the QRS 
(Fig. 3). Fig. 4 follows shortly after with a return to the previous QRS fonnation. tne 
hand of the operator was in the pericardial cavity with the palm on the posterior suriace 
of the heart. (Lead II.) 

mediastinum. The pleura was pushed away toward the left until a good exposure of 
the anterior mediastinum was obtained. The pericardium was then opened. 

During chiselling of the sternum, no change in the electrocardiogram was ob- 
served. On opening the pericardial sac, there was a decrease in voltage of the QBS 
and T deflections. 

A normal amount of pericardial fluid was found and the heart was exposed, beat- 
ing regularly. The heart was covered wdth fat on the surface. On exploring the 
pericardium with the Anger, no sign of the needle could be found. This manoeuver 
elicited left and right ventricular extrasystoles, which in turn were followed by a 
regular rhythm. 

The only deformity was a band of rather firm, fibrous adhesions about three 
fourths of an inch broad extending from the inferior surface of the left ventricle to 
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tRc pcricnvdial ^vall. Tins was hooked with the finger and hvonght forward into 

' ' ThL”nianipulation in the pericardial cavity was accompanied by a marked change 

in tlio electrocardiogram. xA marked notching of the QRS ,romardrflec- 

later followed by one left ventricular extrn.systolo and a retina to normal 

^'°The haJfd^lnlbwluced around the heart, feeling toward the ba.se nniong the 
roots of the great vessels. This could only be carried on for a matter of a few min- 
utes at a time and if prolonged resulted in marked pallor and disappearance of t ic 
pulse together with changes in the pupils, sometimes dilatation and sometimes con- 
traction. After several such attempts, a portion of the needle was recognized ns 
projecting from the posterior surface of the heart about three-fourths of an inc i 
into the pericardial cavity. 

At this point a prominent S-wave in the clcctroeurdiogram was replaced by a 
prominent and notched R deflection which was followed by alternate right and left 



i ii;. 0.- -'iim iraeing is a continuous one t.alien when the oiicrntor's hnmt wa.s in con- 
tact with the neetlie. In tlie finst part a cimngo in form of tlie QRS dofiecilons is seen fol- 
lou-ed by .alternate right and left ventricular extrasystoles .and a ventricailar rhyttim Sn- 
occ.asioma! supraventricular beat. In tlie last part a return to the normal 


ventricular extrasy.stoles and then a vontrieular rhythm interrupted by an occa- 
sional supraventricular beat. The lienrt then returned to a normal rhythm. (Pig. 5.) 

This free portion of the needle was .situated among the great vessels at the base 
of the heart. The needle in this situation was not free, but there was some soft tis- 
sue between the finger and the needle. After several attempts to feel it. it was recog- 
nized that the needle lay in an oblique position extending downward and to the left 
and lay mostly in the snbstance, or in the c.avity of the left ventricle. As it seemed 

ir, ttSTf porti”". 

1 1 V ^ ^ placed on the exposed portion of tlio needle nostc- 

norly, and the heart being grasped between the fingcivs of the liand the needle ir 

'oall of the ventricle for about one-half an inch. The noinf ef it.n i. 
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At this point there developed an irregular rhythm of right ventricular origin -which 
changed to one of loft ventricular origin. (Fig. G.) This rhythm -was irregular and 
seemed not far removed from ventricular fibrillatihn. This coincided -with the dis- 
appearance of the pulse and cessation of respiration. The heart then returned to a 
normal rhj'thm. 



Fig. G. — Portion of a continuous tracing taken when the operator -was 
dislodge the needle. A rhythm of right ventricular origin changed to one of 
lar origin. The average rate is 81 per minute. (Lead II.) 

Fig. 7. — Ventricular tacliycardia, rate 138 per minute. Taken -when 
was forcing the needle tlirough tlie wall of the left ventricle. (Lead II.) 


attempting to 
left ventricu- 

the operator 



Fig. 8. — Lead II taken immediately following Fig. 7. Auricular Rutter 

lar extrasystole. This was followed hy short runs of ventricular tacnycaru . 


The heart, therefore, had to be released from the grasp of the hand. As soo 
this was done, and this had to be repeated four or live times with the same 
the heart took up its rhythm again; the pulse re-appeared and the color irnpro ^ 
At no time, however, did the pulsation of the heart cease or the muscle lose its ° 
On the third attempt, the portion of the needle which projected from the lya o 
ventricle was grasped between the first and second fingers of the hand insi 
pericardium and gradually withdrawn through the heart and removed. 
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prior to grasping «rc . 00 , 11c, tl.o rhytlrm Ir.d ‘f 
0 . gr.sp'i.g fto .ecaic and foreing it thro.gd loft 

veotriclar i t„,.. P-as sue 

ventricular m origin. (Fig. /•} As tue nceuie ^ ,r„n+v;f.„ier extra- 

ceeded by an auricular flutter interrupted by an occasional left %entneular ext 

cvqtole fPie. S.) The rbytlun then returned to normal. 

There was a small amount of bleeding into the pericardium, but notbing alarm- 
ing After waiting some time to allow the heart to recover its rhythm and the pulse 
and color to improve, the pericardium was closed with continuous sutmn 
sternum was then replaced and .sutured into position. The wound was c osed with- 
out any drainage. At no time ivas the pleura opened. The patient left the table in 
good condition, color satisfactory, pulse about 90 and blood pressure 120/7 . 

The electrocardiogram (Fig. 9) taken just before leaving the operating table 
showed a regular rhythm; rate 90 per minute. The voltage was somewhat lower 
than before operation. The needle removed was of the '‘darning needle” type and 
measured 7 cm. in length. It lay obliquely, postero-antcriorly, about three-fourths 
of an inch of the "head” protruding from the right auricle into the pericardial 
cavity posteriorly at the root of the great vessels. The body of the needle lay in the 
myocardium of the left ventricle, the "point” directed latterly. Whether a por- 
tion of the body of the needle lay within the cavity of the left ventricle, could not be 
accurately determined. The needle had blood crusts on the surface but showed no 
signs of corrosion. The needle after penetrating the chest wall had evidently pene- 
trated the anterior wall of the right ventricle or auricle and had been pulled into 
the position described. 

The operation was performed on June 17, 1932. The follouing day, June 18, the 
pulse averaged about 120 per minute. Temperature 99“ F., blood pressure 110/80. 
The electrocardiogram (Fig. 10) showed an increase in the voltage of the QES de- 
flections and an elevation of the E-T interval in Leads I and II, a tracing resembling 
that of an acute coronar}^ occlusion. She complained of severe pain in the region of 
the sternum and some respiratory distress. Three hundred cubic centimeters of a 
20 per cent glucose saline solution was given intravenously. 

On June 21 she was very restless, and the respirations had increased to 40 per 
minute. The temperature was 100“ F. and the pulse was 120 per minute. The blood 
pressure was unchanged. There was a suggestion of a small amount of fluid in the 
pericardial cavity. At the base of the left lung there was a small area of consolida- 
tion similar to that frequently seen in acute pericarditis. The electrocardiogram 
showed the elevation of the E-T interval in Leads I and II slightly more marked. 
The possibility that this might be due to the pericardial effusion, though moderate 
as suggested by Scott, Feil and Katz‘ was considered. It was thought more probable' 

however, that it was due to the recent damage to the ventricle on removing the 
needle. ® 

9<?/^r“o Wf^ssMve decreased slightly, averaging about 

98/68. On June 27, the blood pressure was 102/65. Temperature 100.4“. The lungs 

rcldTIho had changed (Fig. 11); the T deflection in 

TT later becoming negative; it was diphasic in 

Lead II and isoelectric in Lead III, There wa^i enmo a • -ti 

QES deflections. ^ decrease in voltage of the 

On June 30 the temperature was normal and remained so rm o i, 
in a wheel chair, and on J uly 5 she was walking about the ward On Julv\ tlT 

- ... ... 


There were no murmurs present 

B.,. r,t„„ea to ao l.spltal to „„ eleetoc.rdlogr.m on JuH- 


20 (Fig. 13). The 
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T deflection was now upright in Lead I. On August 3 the T deflection had become 
upright in Leads I and II but remained negative in Lead III. This might be taken 
as evidence of improvement over the tracing taken before operation, (Fig. 2). In 


Fig'. 9. 


Fig. 10. 


Fig. 11. 


Fig. 12. 


Fig. 13. 


Fig. 14. 



Fig. 9. — Electrocarcliogi-am taken just before leaving the operating table. The ^o 
age was somewhat lower than that before operation. .oi-en at subsequent 

“ Figs. 10 to 14.— Progressive changes in the electrocardiogram taken a^ sun ^ 

dates after the operation, which was performed June 1(. Fig. 10, June i . 

27 ; Fig. 12, July 7 ; Fig. 13, July 20 ; Fig. 14, December 9. 


/ 


the latter the T deflection in Lead I was of low voltage, and was acute j , 

Lead 11. She returned for examination on December 9. In the intcr\a ® 
been cntirelj' free from symptoms and had returned to work. The clcctrocnrc i 

is shown in Fig. 14. 



Selected Abstracts 


Hyman, Alljert S.: Eesuscitation of ttie Stopped 

n Experimental Use of an Artificial Pacemaker. Arch. Int. Med. 50. 283, 193.. 

Stinaulation of the stopped heart by electrical methods has previously because 

n^ost investigators have attempted to reactivate the heart by neurogemc by 

When electric current has been appbed directly to the heart, it been do y 
placing the entire organ in the electric circuit; the result lias been that the ^'^art is 
able to maintain its normal cycle. When strong currents have been used, the factors 


discovered in electrocution are seen to be present. ' ^ . 

In using a clinical needle through which is carried an electric impulse, and in having 
tlie two electrodes so close together that only a small pathway is concerned in the elec- 
tric arc established by the heart muscle, an irritable point is produced. 

This irritable point becomes the focus from which an excitation wave may spread 
over the heart, muscle, the excitation wave developing and spreading according to^ nor- 
mal physiological conditions. The impulse released from the pacemaker needle differs 
in no way from that produced by the prick of an injecting needle except that in the lat- 
ter instance only one stimulus is developed, while in the former any number can be de- 


livered to the heart muscle. 

An apparatus has been constructed which attempts to simulate the excitation wave 
developed by the normal sinus nodal pacemaker; it consists of a special current gen- 
erated by a magneto which is activated by a spring motor, making it instantaneously 
available at any time, at any place and under all circumstances, as it is an inde- 
pendent electric unit. The current from this generator can be so regulated that the 
impulses are delivered to the needle point at a constant regular rate varying from 
30 to 120 beats per minute.. 

The needles are carried in hermetically sealed tubes that have been sterilized; in the 
imncture procedure the same aseptic precautions must be observed as in any other sterile 
injecting manipulation. The needle is inserted into an insulated handle which carries 
the terminals of the electric circuit from the generator. A convenient switch on the 
handle permits the current to be introduced into the needle at will. 


Experimental animal studies have shown that the arrested heart is rapidlj' returned 
to automatic sinus activity after the response to the artificial pacemaker has restored 
some of the normal circulatory balance. Typical graphs are presented which show the 
electrocardiographic exposition of the events that take place in the heart Avhen the arti- 
ficial pacemaker is applied to the stopped heart. 

The use of the artificial pacemaker in the normally beating heart is also shown, and 
the relative harmlessness of the procedure is indicated, the result being the development 
of a regular extrasystolic arrhythmia. The artificial pacemaker impulse is followed by 
an ectopic beat from that area of the heart stimulated. 

The question of utUizing the artificial pacemaker in certain gross irregularities of 

conelusmns of any type can be considered. ® 

In view of the possible advantageous results to be anticipated by the use of the arti 

to disease processes an -■ patients have succumbed 

5G3 
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When correctly used, the artificial pacemaker may prove to be of inestimable value 
in the restoration of those patients now succumbing to cardiac arrest; employed to- 
gether with other established life-saving procedures it may well be included in every 
physician ’s armamentarium against the final struggle Avilh death. 

Hooker, D. E., Kouwenlioven, W. B., and Langworthy, O. E.: The Effect of Alternat- 
ing Electrical Current on the Heart. Am. J. Phys. 103 : 444, 1933. 

Working with the dog heart in fully anesthetized animals, the authors have 
studied the effects produced by different values of CO cycle alternating current. 
This was used because of the ease Avith A\-hich permanent ventricular fibrillation may 
be established by electrical stimulation and because the main interest aa'us to investi- 
gate the value of electric eountershock in overcoming A'entricular fibrillation. Alter- 
nating currents of five or more amiAorcs Avhen passed through the bodj' for one-half 
to fiA'o seconds Avill not jiroducc A’cntricular fibrillation. HowcA'cr, the Aisual house 
circuit of 110 A'olts similarly applied will im-ariably produce fibrillation because the 
current that floAvs presumably' is not sullicient to inhibit the heart. One milliarapere 
of current applied directly to the A’cntricnlar musculature is sufficient to cause 
fibrillation, and the extreme ventricular apex is as sensitiA'c as any' other point on 
the A'-entricIes. 

With the electrodes applied directly' to the heart, currents of 0.4 ampere for five 
seconds will cause fibrillation and currents of O.S ampere or more A\'ill .stop fibrilla- 
tion. A current of O.S ampere Avill not induce fibrillation, and a current of 0.45 
ampere will not stop fibrillation. In the intact animal with the electrodes on either 
side of the thorax, the current s 2 Arcads out over the body tissues. In order to obtain 
a sufficient current through the heart to arrest fibrillation, the countershock current 
must be increased to a value of at least four or fiA'e amperes. 

Following the countershock, the A'entriclcs arc quiescent for a brief period. When 
contractions began they' Avore very feeble but quicldy increased in vigor, and the 
circulation was re-established if fibrillation has not continued for long. If fibrilla- 
tion has lasted for two minutes or more, spontaneous recoA'ery' of effectiA'e boats AA’ill 
not folloAv. Under these circumstances, cardiac massage may' be of signal benefit. 

Of CA'Cn greater assistance than cardiac massage is the central carotid injection 
of adrenalin in a salt solution. Best results AA'cre obtained by injecting under a jires- 
sure of 150 mm. of mercury from 5 c.c. to 10 c.c. per pound of a solution made up of 
calcium chloride 0.04G per cent in sodium chloride 0.9 per cent containing hopaj'in, 
saturated with oxygen and warmed to body' temperature. To this mixture 2 c.c. 
adrenalin chloride 1:1000 should be added. 

Stewart, Harold J., and Cohn, Alfred E. : Studies on the Effect of the Action of Digi- 
talis on the Output of Blood Prom the Heart. II. The Effect on the Output of 
the Hearts of Dogs Subject to Artificial Auricular Fibrillation. .1. Clin. Investi- 
gation 11: 897, 1932. 

During auricular fibrillation when the A'entricular rate is rapid, the cardiac output 
per minute is less than it is during the normal sloAA'er sinus rhythm. In consequence of 
this abnormal rhy'thm in intact unanesthetized trained dogs, the heart increases in size. 
This conclusion is based on a larger number of observations than Avas possible in an 
earlier paper. When the cardiac output is diminished and the heart is dilated due to 
artificial auricular fibrillation, the administration of digitalis I'csults iJi increase in car- 
diac output and decrease in cardiac size. When the normal rhythm returns, the heart 
being of course still under tlie influence of digitalis, either the output increases, the size 
remaining unchanged (from that in the fibrillatory' state), or both output and size 
decrease. 
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Stewart, Harold J., and Cohn, Alfred B.-. Studies on the Effect of 

talis on the Output of Blood From the Heart. HI. Part 1. The Eff ect on the Out- 
put in Normal Human Hearts. .T. Clin. Investigation 11: 917, 10.1-. 


The effect of giving digitalis to six nonnnl individuals was studied with ])articular 
reference to its effect on cardiac output, on cardiac size and on venous pressure. T re 
following phenomena were observed : (1) the output of blood from the heart decreased; 
(2) the size of the heart diminished; (3) slight decrease in cardiac rate occurred; (-p 
the effects were at a maximum four to twenty-four hours after giving the drug; (a) 
significant changes did not occur in the levels of arterial and vcnou.s pressure; (p 
changes in form, sometime.s slight, of the T-waves of the electrocardiogram occurred in 
each instance and were present as early as two and one-half lionrs after the drug was 
given; (7) as an effeet of digitalis wore off (forty-eight hours to tliree iveehs), oufiuit, 
size, rate and the T-w.nvos of the electrocardiogram returned toward llieir initial valuc.s; 


(8) a correlation was not established from these data between decrease in cardiac out' 
put and chaiige in the level of venous pressure. 


Stewart, Harold J., and Cohn, Alfred E.: Studios on the Effect of the Action of Digi- 
talis on the Output of Blood From the Heart. III. Part 2 . TJic Effect on the Out- 
put of Hearts in Heart Pallure With Congestion, in Human Beings. .T, Clin. 
Investigation 11: 933, 1932. 


A consequence of the action of digitalis is to decrease the volume output of blood per 
minute from the heart in normal human beings and to decrease its size. The volume out- 
put of blood per minute from the heart %vhich is in failure is diminished and its size is 
larger than when it is in a st.atc of compensation. 

Following the administration of thcocalcin in patients during lioart failure, cardiac 
output increases and ciirdiac size and venous pressure diiuiiii.sh. Giving digitalis in- 
ci eases therolume output of blood per rninutefrom f.'iiliug hearts aud decreases the size. 

Digjtabs, it is thought, has similar, perhaps idejitic;il, actions both in normal and in 
disc.ased hearts; it decreases cardiac size and increases the extent of ventricular contrac- 
tion. The consequence of these actions is that the volume of the cardiac output which 
results differs, depending on an initial difference in size of the ventricular cavities in 
the two situatjons. In the one, tlie normal heart, it becomes too small ; in the other, the 
diseased heart, it develops a suitable size. 

^^SaSu^' ^7 vT Biological Assay of Digitalis and Stro- 

pnanthus. J. Pharmacol. & Exper. TUcrup. 46; 229 393'’ 

.£ .ligitaiis »„>, 

Lia'l “ „ fT"" 1""” 

individual differences in the sensitivity IfihTfT 'i^giect of the effeet of 

atioas are discussed. ‘ a«d species vari- 
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It is maintained that the frog method, using the technie described, combines accuracy, 
simplicity and economy to a greater degree than do other methods. 

Anthony, Albert J., Cohn, Alfred E., and Steele, J, Murray: Studies on Oheyne-; 

Stokes Respiration. J. Clin. Investigation 11: 1321, 1932. 

The influence on Clieyne-Stokes respiration of breathing varied mixtures of carbon 
dioxide and air has been studied in periods both of short and of long duration. Increase 
in concentration of carbon dioxide in the air inhaled prolongs the respiratory phase and 
decreases the apneie phase until continuous breathing appears. Increase in the con- 
centration of oxygen up to 80 per cent in the air inhaled prolongs the respiratory phase 
markedly. The duration of apnea is sometimes increased and sometimes remains con- 
stant. Inhaling oxygen in greater concentrations than that of air does not usually re- 
sult in continuous breathing. 

If the treatment of Cheyne-Stokes respiration has as its object the restoration to 
normal of the concentrations of the gases in the blood, then bringing about continuous 
respiration need not of itself be regarded as improvement, because continuous breathing 
alone does not necessarily mean that the ventilation is more nearly sufficient. For ex- 
ample, two patients mth Cheyne-Stokes respiration were observed in whom the last stage 
of their disease was accompanied by an increase in cyanosis and return to continuous 
breathing at one and the same time. If the object of treatment is to bring about con- 
tinuous respiration, then inhalation of carbon dioxide in a chamber may be attempted 
using the smallest concentration necessaiy to assure this result. To decrease the rhyth- 
mic recurrence of lack of oxygen, the effect of inhalation of oxygen in the chamber may 
also be utilized as is shomi by the analysis of blood of patients while they are in the 
oxj’geu chamber. 

Palmer, Robert Sterling: The Hypotensive Action of Potassimn Sulphocyanate in 

Hypertension. Am. J. M. Sc. 8: 473, 1932. 

Thirty-five well controlled patients, most of them showing the effects of continued 
arterial hypertension have been treated by potassium sulphocyanate. This drug when 
used in sufficient dosage caused a definite and marked lowering of the arterial blood 
pressure in 31 per cent of the patients. 

Toxic effects were skin rashes, gastrointestinal sj-mptoms and central nervous sys- 
tem symptoms such as acute apprehension and excitement which may be severe enough 
to constitute a toxic psychosis. Weakness may accompany the use of the drug but is 
probably not a toxic effect and does not necessarily contraindicate its use. Angina pec- 
toris in those subject to this symptom may be increased and in some patients may be in- 
duced by use of this drug. Toxic effects were reduced to the minimal by carefully con- 
trolled dosage. 

Limited observation of the use of the drug in combination with a general regime 
including rest and diet suggests that it may be of value, though these results may 
not be referred to in accurately appraising the hypotensive action. Generally speak- 
ing it may be said that the hypotensive effect is not lasting and that a second or 
third such effect after the drug is once discontinued is more difficult to obtain. 

Prodger, Samuel H., and Ayman, David: Harmful Effects of Nitroglycerin. Am. J. 

M. Sc. 184: 4S0, 1932. 

Nitroglycerin in therapeutic doses was administered to 110 patients under direct ob- 
servation. Alarming toxic reactions were observed in four cases. In two instances the 
blood pressure became indeterminable and the pulse could not bo palpated. Heart-block 
developed in one of these, and in the other the course of a cardiac infarction was thought 
to be unfavorably influenced. A record was made of the electrocardiographic changes 
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administered In order that those who have an idiosj-ncras,- to ilmay bo discovered ai d 
possible dangerous reactions avoided. A small initial dose is advised. The possible 
Iiarmful effects of niti-oglyeeriii in eoroiir.ry thrombosis arc discussed. 


Gold Harry, and Modell, Walter: The Action of Qulnidlne on the Heart in the Nor- 
mal Unanesthetized Dog. J. Pharmacol. & E.xpor. Thcrap. 46: 357, 1932. 

The effect of intravenous injections of quinidinc in therapeutic and toxic doses on 
the heart of normal unancsthctizcd dogs was studied clectTocardiograpliically. 

In both therapeutic and convulsive doses, quinidinc docs not produce slowing but 
acceleration of the sinus rate. Acceleration occurs in vagotomized dogs as well, 
especially in those cases in which the vagotomy docs not result in an extrcnicU rapid 
heart rate. In doses up to those causing convulsions, quinidinc does not produce any 
prolongation of A-V conduction. Preqiientl}' the P-P interval is .shortened sinuil' 
taneously with the sinus acceleration. The drug causes prolongation of intraventric- 
ular conduction. This is sometimes in evidence with therapeutic doses but is most 
constant and pronounced after larger doses. 

A negative T-wavc bcconies positive and a positive T-wavc increases in amplitude. 
This effect of quinidinc is constant in normal dogs and is a veiy' sensitive reaction, 
occurring after doses as small as 2 mg. and may appear without any other changes in 
the electrocardiogram. 

All the effects noted in the study are fleeting, coming on frequently within less 
than a minute after the injection and disappearing, in many cases, in loss than fifteen 
minutes. These results are in some re.spects at variance with those reported in the 
literature. It is suggested that anesthesia and various operative procedures used in 
most of the previous studies on animals may be chiefly responsible for the differences. 


Stieglitz, Edward J.: Therapeutic Results With Bismuth Suhnitrate in Hypertensive 
Arterial Disease. J. Pharmacol. & Exper. Thcrap. 46: 343, 1932. 

The present report deals with a series of 30 cases of Inqiertensive disease treated 
wdth bismuth subnitrate and observed over a period of several j-oars. The basis of 
selection of these patients rvas the duration of carefully controlled observation and 
that no active initiating etiological factors were treated during or shortly preceding 
the period of observation. The therapeutic results obtained are most encouraging 
and gratifying. 

It IS believed that not only does bismuth subnitratc reduce the arterial tension in 
spastic hypertonia during the period over which it is administered, but, if the ad- 
ministration be prolonged sufficiently to permit of arteriolar rest, the arteriolar 
hj-pertoma frequently does not recur. It assists in reduction of the physiological 
burden of the in 3 ured structures, namely the medial musculature of the arterioles 
In the presence of extensive arteriolarsclcrosis or active etiological sources of 
"if is i„a,,cq™ic, .,5 bo any otbor miW 

n“4“ anlai ,“fr T kJ'POrtonsivo fliscaso. bls.nntl, sub- 

ate appeals to reduce the frequency and severity of anginal attacks. • 

Of the Digitaus Group. j. ji. 
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the method of choice in treating cases of auricular fibrillation, because a jierfectlv 
good result can be obtained with certainty in six to eight hours. 

In cases of vomiting from conge.stivc failure an equally good result may be ob- 
tained by giving a similar massive do.se per rectum, calculated at the rate of 0.1 c.c. 
per lb. of body weight. 

In very urgent cases, where a still more rapid action is required, a similar result 
may be obtained within thirty minute.s by the administration of a single intravenous 
dose of l/.i;-) gr. of strophanthin. The site of action in all three routes is similar, 
i. 0 .. that they all act via the vagu.s, as .shown by "vagal release” with atropin. 

Cases of auricular fibrillation should be gi\ en the advantage of being treated by 
one or other of the methods described, in order that their discomfort may be relieved 
in a day, instead of ha^■ing it prolonged to a wceh by the use of older methods. 

Hausen. Olga S., and Maly, Henry W.: The Effects of Thoracoplasty on the Heart. 

Am. Rev. Tuber. 27: 200, 19,13. 

In an attempt to determine the efi’ects of thoracoplasty on the heart as evidenced 
by the electrocardiogram, 57 cases have been studied by moans of electrocardiograms 
and x-ray films, before and after the collapse. Thirty cases of uncomplicated pul- 
monary tuberculosis have been taken for controls. It has been shown that the intra- 
thoracic pathological involvement incident to thoracoplasty almost invariably dis- 
places the heart more or less to one side or the other but most frequently toward the 
unaffeeted side. The electrocardiograms also show a high incidence of postoperative 
change, but these changes are neither consistent nor predictable, being in agreement 
with the x-ray findings in only a third of the cases. It would seem impossible to pre- 
dict the probable electrocardiographic change from a study of the x-ray pictures or, 
conversely, to guess tlic type of x-ray findings from looking at the electrocardio- 
grams. It is probable that the electrical axis m.ay bo influenced by rotation of the 
heart on its longitudinal axis bj' fibrotic tissue alTecting at times the base, and at 
times the apex anteriorly or posteriorly. It is probable that other factors such as 
bed rest, toxemia and weight changes may affect the form of the electrocardiogram, 
since the control patients who had no gro.ss mechanical changes were also variable 
in their complexes. 

There has been no evidence of disturbance in conduction or of myocardial dam- 
age in the electrocardiograms. Autopsy has shown no abnormality in heart weight 
nor more evidence of nnmeardial degeneration than is found in other patients dying 
of tuberculosis. Some of the changes in QRS amplitude probably represent changes 
in muscle tone associated M'ith reduction of toxemia and increase in exercise and 
would appear regardless of the mechanics of collapse. The changes found in the 
electrocardiogram are probably due to extrinsic factors and bear no relationsliip to 
the condition of the heart muscle. 

Camp, Paul D., and White, Paul D.: Pericardial Effusion: A Clinical Study. Am. 

J. M. Sc. 184: 7S2, 1932. 

The authors have studied the clinical and pathological data on 126 cases contain- 
ing over 100 c.c. of pericardial fluid found at postmortem examination over a period 
of ten years occurring among 95,542 cases admitted to the hosijital and among l,/29 
necropsies. They conclude that without the presence of an acute fibrous pericarditis, 
the diagnosis of pericardial fluid is likely to bo missed unless the effusion amounts to 
over 500 c.c. Of the 126 cases, a correct clinical diagnosis of pericardial effu.sion 
was made only 6 times. 

To establish a clinical diagno.sis of pericardial effusion, all signs and symptoms 
must be carefully looked for and analyzed and roentgen ray studies employed in all 
cases except a very few, where the effusion is so large and rapid in its development 
that the clinical diagnosis is easily made at once. 
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GolUey, B. A., Bellet. Samuel, and McMillan, Thomas M.: T.ihercnlosis of the Myo- 
cardium. Arch. Ini. Afed. 51: 2-1 ‘J. .10.1,). 

Siv ca.es of tubcrculo.sis of the .nyocarduuu arc nTort.-l. Pour of the patients 
wore’inalcs and two were female... Four were ucKroe.. au.l two were uh.te [Kopl... 
The age,, of the patient., were IG, 10, 26, -IG, .11 and 17 years These e.-mes repre....ut 
the different tvpe,. of tuberculous n.yoearditis that have h.tlierlo been .rpor ed A 
.simple cla.s.sificntion is .sugge.slnd, based on the uK.de of dis..emiuation and fh. y pe 
of Ic.sion; (a) mvocardial tuberculosis, secondary to mediastinal glaudulai and p 
cardial tubcrculoV... and (b) as part of sy.stemic. miliary tuberculosis. 

Juvolvement of the coronary arteries in one ease in iin nnnsual d.'gre.- and in other 
eases to slight degree is rejmrtcd, and the various types of tnberenloiis arlenli,. are 
described; (a) diffuse tnbeicnloiis arferiti... involving all the vessel coals; (ii) inti- 
mal tubercle without involvement of other ve.ssel coats as a result of Idood borne lu- 
foctioii; and (c) a type of arterial iiivolvemeiil by tuberculosis (contact urteritis) 
prcviou.sly not described in the heart, affecting not only the small but also the large 
coronary arteries and loading to narrowing of their lumens and even to complete 
occlusion. 

The oceasioiml similarity of rheumatic and tuberculous myocarditis is noted, and 
.a differential diagiiosi.s Is outlined. The jirobability of eetojue rhythm resulting 
from the tnhereulons infiltration of the right auricle is discussed. 


Horton, Bayard T., and Brown, George E.: Thromboangiitis ObUtcr,ans Among 
Women. Arch. Int. AFcd. 50: S84, 3 !).'12. 


Although a])proximnloly 700 ea.ses of flironihoangiitis (diliterans havi* been ob- 
served among men at tlio Alayo Clinic, the present report of 10 eases is the first series 
among women to be jnit on record. Tlie diagnosis in tiirei' of tliese eases was proved 
by a study of the pathological changes in fh(‘ occluded arteries and veins. 'I’lie 
authors arc of the opinion that this di..easc has n higlier iaeitlem'C among wumeii 
than is brought out by tliis study. 'I’lio failure to recognize tlie disease is due prol>- 
ably to the facts that it is relatively mild among women and that the diagnosis is 
overlooked. Three of the jmtieuts in the scric.. were of .Tewish ONtraetioii; their dis- 
ease was more severe than in the 7 geulilcs. A similar cliuie.’il iiujiressioii w;is g.'iined 
in the seiies of men; the disease of the .Tewish putieuls seemed more .serious mid in- 
tense than that in the other raeo... 

Four patients were treated by bilateral Inmbnr sympathetic gaiiglioneetomy ; one 
of these also had bilateral eervicothoracic sympatbetic gaiiglioneetomy. One pa- 
tient had an amputation of the right leg and the other patients were treated med- 
ically. The treatment, for the most part, has proved satisfnetorv. The disease 
among women apparently runs a similar but definitely milder course than among’men. 


Studying Variations in Coronary Inflow During a Series 
of Cardiac Cycles, or for Determining Inflow Bates Gcncr.'illy, J. 3’liarmaeul & 
Expor. Thcrap, 46: 471, .in32. cv. 

outlined in the succeeding paper. 3t i. a modi- 
fication of the Langendorff method. 1 '• ni.s a 1110(11 


SteWe, E. L and Melville, K. I.: The Influence of the Heart Beat Unou the 
Blood I„.. tte coronary Artorios, .T, E.vp“ 

The metlirifl nf . _ 


3t>: 


.s i uorap. 46; 477 ] 

i. 0.0 ,„.oco„i„p 
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believe that their results are in agreement to a considerable extent, vith those obtained 
by Anrep. The authors also compare their results Avith the data published by Boossler 
and Paseual. 

Katz, Louis N., Hamburger, Walter W., and Eubinfeld, Samuel H.: Observations on 

the Effects of Oxygen Therapy. 11. Changes in the Circulation and Respiration. 

Am. J. M. Sc. 184; 810, .1032. 

A comparison of the effects of oxygen therapy on the circulation and respiration 
of a group of cardiac and noncardiac patients was used as a check on the clinical im- 
pressions and to determine whether these changes preceded, accompanied or followed 
the clinical improvement. A modified direct venous pressure method is described 
and also a simple clinical method of determining minute volume of respiration. 

Oxygen therapy tended to decrease the vital capacity slightlj” it caused no sig- 
nificant changes in arterial and venous pressure. An increase in the amplitude of 
QES and an increase in the size and duration of the T-wave were found in the ma- 
jority of cases during ox250sure to an oxygen-rich atmosphere. 

Oxygon thorajiy was found to result in (1) a sloAving of the heart by causing a 
sinus bradycardia, (2) a decrease in minute volume of resiiiration, and (3) an in- 
crease in the length of time the breath could be held. These changes tend to occur 
as readily in the noncardiac case as in the cardiac and in the latter in .spite of ad- 
A-ancing failure. These changes arc jArimarily the result of the oxygen-rich cnA'iron- 
incnt and seemed in part, at least, independent of relief of arterial anoxemia. These 
changes in heart rate, in breath holding ability and in minute volume of respiration 
are in themselves beneficial and may be AA-ays, aside from relief of arterial anoxemia, 
by Avhieh oxygen therapy may act beneficially in cases of heart failure. No sloAA'ing 
of ventricular rate occurred iu cases Avith auricular fibrillation, and less beneficial 
effects may bo expected from oxygen theraiAy in such cases. No direct diuretic ef- 
fect was observed as a result of oxygen, cither in the edematous or nonedematous 
patients. 

Cohn, DaATid J., Katz, Louis N., Soskin, Samuel, and Hamburger, Walter W.: Ob- 
servations on the Effects of Oxygen Therapy. III. Blood Chemical Changes. Am. 

J. M. Sc. 184; SIS, 1932. 

The function of oxygen therapy is not to attack the underlying causes of the dis- 
ease but to give the patient the benefit of as high a blood oxygen saturation as pos- 
sible. It is conceiA'able that some of the benefits of oxj-gen therapy may be produced 
in other ways besides the improA-ement of arterial anoxemia. HoAVCA'cr, the major 
benefit of oxygen therapy is the increase in oxygen saturation of the arterial blood, 
thus relicAung the arterial anoxemia and its effects. 

Asher, A. Graham; Graphic Registration of Heart Sounds by the Argon Glow Tube. 

Arch. Int. Med. 50; 913, 1932. 

A new method for photographing heart sounds has been described, the Argon Glow 
tube being used. Once the necessary apparatus was set Aip, the method was found to 
be simple. It could detect the ordinary and obscure heart sounds. Elustrations of 
some of its uses in clinical eases are described, and suggestions for its further appli- 
cations are offered. 

Hudson, Charles L., Moritz, Alan R., and Weam, Joseph T.; The Extracardiac 

Anastomoses of the Coronary Arteries. J. Exper. Med. 56; 919, 1932. 

In a series of experiments planned for the purpose of injecting the vessels in the 
heart AmlAms, a colloidal suspension of carbon particles was injected into the coronary 
arteries of hum.an lie.arts Avhieh had been excised at autopsy. When one came to 
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stiuly the injected spoci.ncns, it i„ uttnehed flaps 

Lenvt wore fdlod with the enrhon pnrf .c e« hut w.i 

of the parietal pcncurduun ! ‘jj ndventitin of the nortn and pul- 

^’''lt1™s”foundX?^ nunatoiuopcs of the auricular hrauehe.. 

coronarv branches to the pericardial fat with the pericardmcophreinc 
the internal innminnrv arteries and the nut.wior inediastinal, pencanhal. hro.i . , 

superior and inferior phrenic, intercostal and esophageal branches of he 
1 , resent. The most cKtensivc anastomoses l.etween the ctirdiae and extraeardiac .(S- 
scls were around the ostia of the pulmonary veins. It was j.nssiblc not only to dem- 
onstrate the passage of injection mass from the coronary arteries rnto the vessels of 
surrounding structures, but also to show ve.^sels in the heart injected through t le 


tlioracic branches of the aorta. 

This rich potential cxtracnrdiac coronary collateral circnlntion is probably of 
significance in compensating for sclerosis of the large trunhs of the coronar\ arteries. 


Moritz, Alan B., Hudson, Charles L., and Orgain, Edward S.; Augmentation of the 
Extracardiac Anastomoses of the Coronary Arteries Through Pericardial Adhe- 
sions. J. Exper. !^[cd. 56: 027.1032. 


The examination of four hearts with partial nr complete obliteration of tbe peri- 
cardial sac by fibrous adho.sion.s, after injection of the eoronury arteries with a ctd- 
loiclal suspension of lamp black showed that the extracardiac anastomoses of the 
coronary arteries were increased owing to the presence of adhesions. In all four in- 
stance.s a particularly high injection of the parietal pericardium was obtained and 
microscopic examination of the adhesions showed them to eontjun injected vessels, 
extending from epionrdium to parietal pericardium. A micmscojiical study of 
cleared blocks (3 mm. in tin'ekness) of myocardium and attached jiericurdial ad- 
hesions, showed the arborization and anastomosis of branches of the arteries of 
the parietal pericardium with those of the heart. This vnsculnrizntion was not 
limited to the usual areas of subepicardial fat but. was seen in regions not ordinarily 
containing arterial branches. In no one of the four cases were the coronarv nrteries 
significantly diseased. 




In one of the four cases, the normal sites of anastomoses Detween tlio enrmac 
extracardiac vessels were destroyed by cutting nway the great vessels entering and 
^ca^iJlg the heart, as well as the peri- and intervascular reflections of parietal peri- 
cardium, Injection mass was found, however, in the nrleric.s of the imriotal peri- 
cardium and the diaphragm, showing that it has passed directly through the adhe- 
sions from coronary to extracardi.ne vessels. 

If the extracardiac anastomose.s of the coronary arteries constitute a significant 
reserve for cardiac circulation, it would a,, pear that this ro.serve would be aug- 
wtMf r adhesioms. Eirect communication between 

,, TT'-'' 


ruiae mmsele. J his is associated with a docroa.sQ 
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in muscle tone and loss of irritability. Isotonic calcium chloride increases both the 
tone and the metabolic rate of irritable and nonirritable heart muscle but renders 
the irritable muscle nonirritable. The antagonistic action of potassium chloride 
and sucrose and of calcium chloride on the metabolic rate and tone of heart muscle is 
found to be opposite that of irritable skeletal muscle. Furthermore, the action of 
these substances is independent of the previous state of irritability of heart muscle 
but varies ndth the previous state of irritability of skeletal muscle. If spontaneous 
sugar or potassium nonirritability in cardiac muscle is due to the same causes as ob- 
tain in skeletal muscle, the similarity of the action of sucrose and potassium solu- 
tions may be due to the vashing away of calcium by the sucrose solution and thus in- 
crease the potassium chloride ratio at the surface membranes of the muscle fibers. 
Furthermore, if the differences observed are due to membrane equilibria, it might be 
suggested that heart muscle differed from skeletal muscle in having its membranes 
reversed and that a similar reversal of equilibrium was responsible for the phenom- 
enon of nonirritability in skeletal muscle, kluch more study, however, is required 
before theorizing in these inatters will be profitable. 

The metabolic rate of nonirritable cardiac muscle first decreases, then after sev- 
eral hours increases, and finallj' retuims to normal after immersion in an isotonic 
solution of glucose. Ringer’s solution slightly depresses the ox^’^gen consumption of 
spontaneou.sly nonirritable cardiac muscle but has no effect on the metabolic rate of 
irritable heart muscle. 

Hydrochloric acid in concentrations above 0.01 M in isotonic sodium chloride de- 
creases the oxygen consumption of spontaneously nonirritable heart muscle. !Mcthy- 
lene blue increases the oxygen consumption of irritable and nonirritable heart 
muscle. 

McGinty, Daniel A., and Miller, A. T., Jr.: Studies on the Coronary Circulation. 

II. The Absorption of Lactic Acid and Glucose and the Gaseous Exchange of 

Heart Muscle. Am. J. Phys. 103: 712, 1933. 

With the accumulation of data .shoM'ing that lactic acid is absorbed by the heart 
of the dog in amounts con-esponding to the quantity of material generally accepted 
as being oxidized as carbohydrate, it was found necessary to rcoiDen the study of 
oxidations in cardiac muscle and to investigate the manner of di.sposal of absorbed 
lactic acid. Two methods were employed: first, perfu.sion of an isolated beating 
heart by arterial blood from a donor dog, and second, perfusion of the beating heart 
in situ. In either method, simultaneous san>plcs of ingoing arterial blood and out- 
coming eoronaiy venous blood were analyzed for lactic acid, glucose and oxygen and 
carbon dioxide content. Coronary volume flow of blood was recorded. Perfusions 
were carried out for thirty to ninety minute periods, blood sanqdos being taken at 
five to nine minute intervals. 

In 5 experiments on perfusion of the isolated heart with a total of fiS pairs of 
blood samples, the average lactic acid absorption was 1.5 mg., glucose absorption 
0.2 mg. and oxygen absorption 3.5 c.c. per gram of heart muscle per hour. Blood 
flow amounted to 42 to 55 c.c. per grain per hour. In 7 e.xpcriments with the lieart in- 
tact within the open thorax in 05 samples, average lactic acid absorption amounted 
to 3.1 mg., glucose 0.39 mg. and oxygen intake 5.1 c.c. per gr.am heart jier hours. 
iMean coronary flow was 49 c.c. In the first group of observations, the re.spirntoi\ 
quotient was below 0.70 in three and above 0.70 in two. In tlie latter group, a 
respiratory quotient below 0.70 occurred in but 1 experiment. 

The results indicate that glucose is not absorbed at all or is absorbed in but small 
amounts while lactic acid is removed from the coronary arterial blood in quantities, 
which suggest its utilization as the carbohydrate fuel of the heart. The results of 
other workers who interpreted the loss of glueose from perfusion fluids ns indicating 
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sHion of Klucooc no . rconll «f ore, tl.ooo vl.o ovorto,! 

•oTf. of literature incVicates that uiifler the oxpcniucntul (utulitions A\l>ali l 
vailed the Rlvcogcn content of the heart ^vas neither iuereased nor .Irawn upon for 
llTlrLV SiKnifieance of the respiratory rpnd.ent ns an Hule.x to he 
fuel of the heart is critiei.ed. 3t is believed that this (piotient ,s of quest. enable 
vaL in clotermininK the nature of oxiantions in isolatea orftan perfus.on. L.nler 
more normal experimental conditions, it may assume greater sicn.fmanee. 


MeCtea, F. D., and Wtggcrs, Carl J.t Bhythmlc Artcrla^l Expansion as a Factor in 
the Control of Heart Bate. Am. .T. I'^hy.s. 103: 417, 103:i. 


In a series of experiments, the heart rate chanKos which occur reflexly or directly 
when pulse pressure ami mean ]>ressuve were vnried ns independently as possible 
vrerc studied. Aorlie. pressures were optically recorded nrid systfdic, dinslolie and 
pulse pressures calculated from records by use of a culibratiou scale. Mean pressure, 
vnluc.s were arrived at accurately by measuring the area Imneafh the pressure curve 
and dividing hy horizontal distance. 

The ctTccts produced by various prneednres, such as compressing the vena eavn 
and aorta, .served no useful purpo.«c in settling the problem, ns piil.se ]>ressure and 
mean pro.ssurc changed in the same direction. They were ii.sefnl in determining lhal 
under such conditions a mean pressure variation of -Mo o mm. is flic minimnl which 
causes any certain change in heart rate. 

After saline infusion, wliich increases the pulse jiressure. a cardiac .slowing wns 
obtained in a sutlicicnt number of experiments in whicli no ehange or a decrease in 
moan pressure tool: place. The.«e results were suggestive of n sepurute effect of 
pulse pressure but in view of some apparently negative elT(*cts could not be regnnled 
as conclusive. 

Through the expedient of producing experimentnl nortic iiisufticiency it was found 


possible to increase pulse i»rcssure and simultaneou.sly decrease moan jtrc.ssure; fur- 
ther, by compre.s.sing the thoracic aorta to a suitable extent, mean pressure was often 
restored approximately or exactly to nornml, while puhse pressures iiuweased still 
more. It was found that frequently (he heart rate slowed despite a sh!ir[) decline of 


mean pressure and with one exception was alwny.s retarded when mcvin pressure rvn.*; 
restored to normal levels hy compression. IVhile (he control of heart rate by pulse 
prc.ssure changes was demonstrated, (he results on (he "whole nnimnl" }mrmittcd no 
conclusions as to whether the e/Tects were induced hy direct or reflex action. 

A second sot of experiments was performed in order (o determine whether changes 
of pulse pressures in a cephalic end of n perfused enrotid artery can retlexly cause 
leart rate changes when moan pre.ssiirc either re/nnins unaltered or deviates in a re- 
verse dtrection. To do this, pressure puhses rccre recorded simultancouslv from the 
perfused carotid and the animal’s own artery by moan.s of optical mauom'oters 

Perfusion of the cephalic end of a carotid artery with a constant pressure in the 
perfn.sion s,.tonyvas found not to produce a constant pressure within the aid v 
self owing to effects of collateral circulations. The mairnitude of tin r, t i 
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perfusion pressures and rhythmical variations in such a ^vay that pulse pressure in- 
creased in the perfused vessel vhilc mean pressure remained unaltered or vas even 
reduced were attended cardiac slowing unless the reduction was too extreme. 
This demonstrates that pulse pressure variation dominates the production of reflex 
cardiac changes. 

The conclusion is reached that hlarc 3 ’ requires aincndment; changes in mean 
pressure levels indeed control heart rate changes reflexly but only so long as pulse 
pressures do not change too much in an opposite direction. When this is the case, the 
effects of pulse pressure changes dominate the reactions. 

Korns, Horace M., and Guinand, P. H.: Inequality of Blood Pressure in the Brachial 

Arteries, With Especial Reference to Disease of the Arch of the Aorta. J. Clin. 

Investigation 12: 143, 1933. 

The data obtained by bilateral brachial pressure measurements in 1000 normal sub- 
jects are presented and analyzed. What has been arbitrarily designated as a significant 
sphygmic inequality’ occurred 43.0 times in 378 persons; nearly three-fourths of the 
higher pressures were dextrolatcral. Significant inequalities in pulse pressures ap- 
peared in 274 persons, 07 of whom failed to show differences of 10 mm. or more between 
the two systolic or diastolic levels; nearly’ three-fourths of tl>e higher pulse pressures 
were dextrolatcral. These pressures were measured simultaneously in both arms, but 
for all practical purposes consecutive measurement gives equally satisfactory results. 

The fact that inequalities in the blood pressures and volume of the pulse in the right 
and left brachial arteries may or may not indicate disease of the aorta or its branches 
is illustrated by the presentation of ease reports. 

Sphy’gmie inequality’ without organic disease is probably’ always transitory, and it is 
reasonably certain that all normal persons manifest it at one time or another. The in- 
equality’ may involve only’ the systolic pressures, or only the diastolic, or both; and if 
both levels are disparate, the inequality’ may be concordant (both right higher than both 
left, or vice versa) or discordant (right systolic higher than left and left diastolic higher 
than the right or vice versa) . In some persons the higher pressure is irregularly’ hetero- 
lateral; in others it appears to be always homolaternl. Tliere is no evidence that right 
or left handedness plays any role. The physiology of transitory disparities in brachial 
pressures is not understood. Sphygmic biequality in the brachial or carotid arteries 
cannot be regarded as a sign of disease of the aorta or its branches unless it can be 
shown to be permanent. 

Starr, Isaac, Jr., Collins, Leon H., Jr., and Wood, Francis Clark: Studies of the 

Basal Work and Output of the Heart in Clinical Conditions. J. Clin. Investiga- 
tion 12: 13, 1933. 

Using a method devised by’ Starr and Gamble, involving a modification of the Hen- 
derson and Haggard ethy'l iodide method for the estimation of cardiac output, the 
authors have made duplicate determinations of cardiac output and metabolism, repeated 
estimations of blood pressure and pulse rate and orthodiagrams in 50 individuals. 
These estimation's were performed on fasting subjects lying at rest after a prolonged 
rest period. Those tested included apparently’ normal persons, persons who had re- 
covered from congestive failure and patients rvith some circulatory abnormality but 
not immediately threatened with failure, namely', thyrotoxicosis, hypertension anemia, 
angina iDCetoris, compensated valvular disease, and functional heart disease. The 
authors present an extensive discussion of the details of the method together with a 
resume of the technical difficulties encountered in carrying on such a study’, particularly 
the estimation of the cardiac output and the establishment of basal conditions. 

When the basal work of the left heart of these subjects was plotted against the 
volume of the heart or the area of the cardiac silhouette, the points representing cases 
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of the normal cases. QfTrlhiP-’s "Law of the Heart” 

„r, : i » “ 

as a. coroUar.?, when the work of any heart is not commensurate AVitli its size, that hea 

is threatened with failure. t „ 

On the basis of a diverse group of eases believed to have normal myocardia th 
authors have made a preliminary estimate of the normal relationship between heart 
work and size. Charts and equations are submitted by which the question of the no 


niality of any ease may be decided. ‘ „ ^ . 

The relationship between heart size and heart work per beat was equally striking in 
17 cases of hypertension. Those with hearts of normal size, by reducing cardiac out- 
put, maintained their hypertension without greater expenditure of cardiac work than 
normal persons. The patients with large hearts were performing increased work. 
Considering increased cardiac work as cause of hypertrophy in the latter group, its ab- 
sence will explain the absence of hypertrophy in the former. 

The cardiac output was directly related to the metabolism in the cases not threat- 
ened with failure. The arteriovenous oxygen difference was much smaller in these pa- 
tients than in those who had been decompensated. The cardiac output was related to 
the size of the heart but, as a rule, not so closely as was the cardiac work. There was a 
surprising lack of correlation between cardiac output and body surface area in cases of 
hypertension ; the remainder of the control cases showed correlation above the level of 
significance. 

Although the errors in estimating basal cardiac output or work ore undoubtedly 
large, the differences found in clinical conditions are so much larger that the results, 
properly interpreted, have clinical significance. 


Levinson, Samuel A., and Learner, Aaron: Blood Cysts on the Heart Valves of New- 
born Infants. Arch. Path. 14: 810, 1932. 

Ill 16 consecutive postmortem e.xaminations of infants, 12 showed blood cysts on the 
valves. These blood filled cysts appeared as small circumscribed, dark red, elevated 
nodules found on the mitral and tricuspid valve leaflets, infrequently on the pulmonic 
leaflets and rarely on the aortic. They varied in number from 2 or 3 to 10 or 15, though 
as many as 30 have been reported. The nodules project above the auriculoventricular 
leaflets near the free margin between the edge and the line of contact on closure. On 
histological examination, the nodules as seen in cross-section appear as monoloeular or 
bilocular or even multiloeular spaces filled with red blood cells. The spaces are lined 
y a single layer of endothelial ceUs, in appearance similar to the surface endothelium 

no^lel '' ^ of origin of these 


and Interruption of 


Evans, William: Congenital Stenosis (Coarctation), Atresia 
the Aortic Arch. Quarterly J. Med. 2: 1, 1933. 

fieation whereby the eases are allotted to rliff ^ Proposes to introduce a classi- 

the anatomical deformity ^ of 

tory lesions. In this way it would be possible toS? ‘'’^^ociated or compensa- 

stenosis and atresia of the aortic arch T» „ i separate types of congenital 
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of the constriction; (2) condition of the aorta proximal to the site of stenosis; (3) 
patency or otherwise of the ductus arteriosus; (4) relationship between the systemic 
and pulmonary circulation. The adoption of the proposed classification will also facili- 
tate the interpretation of certain clinical findings presented by these eases and more 
especially will help to explain such appearances as are found on radiological examina- 
tion of the heart and great vessels. It will also help to determine the nature of the 
changes that are the direct result of a modified circulation initiated by the presence of 
this congenital deformit.y. 

The six types are enumerated as follows: Type I, congenital stenosis of the aortic 
arch with patent ductus arteriosus and h.ypoplasia of the proximal portion of the aorta. 
Type II, congenital stenosis of the aortic arch with a ductus arteriosus closed and 
hypertrophy of the proximal portion of the aorta. Type III, congenital atresia of the 
distal portion of the aortic arch with ductus arteriosus closed and hypertrophy of the 
proximal portion of the aorta. Type IV, interruption of the aortic arch in its distal 
portion with a ductus arteriosus widclj’ patent and hj-poplasia of the proximal portion 
of the aorta. Type V, congenital atresia of the proximal portion of the aortic arch 
with a ductus arteriosus patent. Type VI, congenital absence of the ascending aorta 
with patent ductus arteriosus. Features that characterize each of the six types are out- 
lined, and a short description of the eases is appended in each group. 

In a study made on 28 eases of congenital stenosis, atresia or interruption of the 
aortic arch, 26 of which had been examined at autopsy, it was found possible to separate 
the eases into definite typos according to the anatomical features present. 

Patients living beyond early infancy were found in Types I, II and III only; few 
in Type I with the ductus patent and more in T 3 -pcs II and III ndth the ductus closed. 
Other developmental abnormalities that maj' aecompanj’ this congenital deformit.v of 
the aortic arch are enumerated. 

No one symptom or collection of sj-mptoms could be claimed to indicate with certaint.v 
the diagnosis of congenital stenosis of the aortic arch. In infants the exact nature of 
the lesion can only rarel.y be established. A tentative clinical diagnosis of congenital 
heart disease is usuallj' made. It is also rare for any subjective sj’inptom occurring in 
an adult suffering from this condition to direct attention to the initial lesion which has 
caused the illness. The author believes that sjnnptoms presented by one of the patients 
maj' prove peculiar to, or either pathognomic of, the condition. This patient com- 
plained of numbness and weakness in both legs whenever he assumed the upright posture 
after reclining for some little time in the horizontal position. As he changed from the 
latter to the former posture, he experienced a sensation of "blood rushing back to the 
legs. ’ ’ He states that the sensation was comparable to the one he experienced when 
the pressure within the pneumatic bag of the sphj'gmomanometer placed around the 
thigh was released. These sj’inptoms disappeared on walking a short distance and 
were never precipitated bj* the act of continued walking. It is seldom very safe to relj’ 
upon phj'sical signs obtained from examination of the heart as indicating the diagnosis 
of this congenital lesion. The deformitj' is a vascular one, but owing to its proximit}- 
to the heart, the latter does undergo certain changes which have been described and 
which give rise to certain phj'sical signs. A short note has been added on the i)rognosis 
and manner of death in patients presenting this congenital anomalj’. 

Graef, Irving, Parent, Solomon, Zitron, William, and Wyckoff, John: Studies in 

Eheumatic Fever. I. The Natural Course of Acute Manifestations of Rheumatic 

Fever Uninfluenced hy "Specific" Therapy. Am. J. M. Sc. 185: 197, 1933. 

This study is based on a series of 162 patients suffering from acute rheumatic fever 
admitted to the hospital during two j^ears. The observations made on 105 of these pa- 
tients receiving no form of therapj' which might be considered specific and no anti- 
pyretic drug formed the basis of the report. Onlj- 47 of the 105 patients fulfilled the 
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Clawson, B. J., Wetherty, Macnider. HilUeit, E. H., and Hillehoc, H. E.: Strepto- 
coccic Agglutination in Chronic Arthritis and Acute Eheumatic Eever. Aiu. . . 
AI. Sc. 184; 7o8, 1932. 

Streptocoeeie agglutination titers were determined in chronic arthritic and acute 
rheinnatie fever patients for two strains of streptococci. The first strain was isolated 
from a case of acute rheumatic fever and the second from a case of chronic arthritis. 
Comparing the agglutination titers of the above conditions ^vith those of normal per- 
sons and of patients with scarlet fever .and glomerulonephritis, with the rheumatic strain 
the agglutination titers of acute rlicumatic patients were higher than normal, while 
those of the chronic arthritic patients were not. With the chronic arthritic strain, tho 
titers were higher than normal in both chronic arthritis and acute rlicumatic fever, but 
higher in the latter. With both strains the titers were decidedly higher than normal in 
both scarlet fever and glomoruloiiephrifis. In all tests including the normal serums, 
the chronic arthritic strain was agglutinated in higher dilutions than the acute 
rheumatic strain. The chronic arthritic strain appeared to bo more sensitive to 
agglutination. 

These finding.^ suggest that both chronic arthritis ami acute rheumatic fever arc 
streptocoeeie infections. The view that ehronie arthritis is due to a specific strain is 
not supported, since the chronic arthritic strain was agglutinated in higher dilutions 
with serums from acute rlicumatic fever patients than with the serums of patients with 
chronic arthritis. The lack of strain specificity is also shonm by the fact that both the 
rheumatic and the arthritic strains were agglutinated in higher dilutions with scrums 
from scarlet fever and glomcrulonepliritis than noth the serums from acute rheumatic 
fever or ehronie arthritis. 


Collis, W. E, F., Sheldon, Wilfrid, and Hill, N. Gray: Cutaneous Eeactions in Acute 
Eheumatism. Quarterly .T. iMcd. 1: 311, 1932. 


The present investigation was undertaken rrith the view to elaborating and confirm- 
mg previous observations with hemolytic streptococcal endotoxin on a larger series of 
cases and at the same time ascertaining whether any analogy existed between the cuta- 
neous reactions to this hemolytic streptococcal extract and to similar products of non- 
hemolytic streptococci and other pathogenic bacteria. 

vSkm reactions of 303 rheumatic children liavc been tested, while 23C nonrheumatie 
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minating carditis lose their skin reactivity during the severe phase of their illness, 
though they tend to regain it later. Patients with chronic cardiac failure also tend to 
give much reduced reactions. Age seems to be an important factor in determining the 
probability of positive reactions up to the age of puberty. The curve is seen to rise in 
an almost straight line up to twelve to fourteen years, after which it ceases to rise. 

Skin reactions to hemolytic streptococcal extracts appear to bear no relation to skin 
reactions with hemolytic streptococcal exotoxin (Dick toxin). 

A comparative study of the skin reactions of extracts of hemolytic, green and non- 
methemoglobin forming streptococci appears to indicate that these extracts do not con- 
tain a common active principle but that each extract gives a specific skin reaction. 
Rheumatic children, when tested to extracts of tAvo viridans streptococci and one gamma 
streptococcus, only showed a higher percentage of strongly positive reactions to one of 
the viridans extracts than did the controls. 

Skin reactions of rheumatic children to tuberculin, Schick toxin and extracts from 
pneumococci, staphylococci, diphtheroid bacilli and Pfeiffer’s bacillus do not show a 
higher sensitivitj’ than do nonrheumatic children and therebj’ differ from the skin reac- 
tions produced by hemolytic streptococcal extract. 
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Welti, 429 pages, Paris, Masson et Cie, 1932. 

The anthors divide angov into five types; (1) cardio-avtcrial, (2) cardiac, (3) TC- 
flev (4) toxic, and (5) neurotic. The cardio-arterial type rvlnch rncludcs four-lift is 
of all cases Iias three suhdivisions: (a) the eoimnon form of cardio-artcrial ang , ( ) 
acute febrile coronary angor, and (c) abdominal .angor. The cardm-artcnal ang 
regarded as due to overburdening of the left ventricle ^vllctller_ f rom vasomotor dis- 
turbance, coronary stenosis, aortitis or ‘ ‘hypcrtropliic dilatation.” The so-called 
cardiac angor is caused by such conditions as rlicumatic valvular disease or p.aroxr smal 
tachycardia. Reflex angor is due to gastrointestinal disturbances, cliolclitliinsi.s or left- 
sided tlioracobraeliial neuralgia. It occurs in tlic absence of heart disease. Toxic angor 
is due to intoxication from hypothyroidism, gout, or tobacco, although the last is seldom 
important. The neurotic type is an hysterical pseudo-anginal phenomenon. 

Most of the book is devoted to clinical descriptions of the various types of angor, A 
ferv pages are given to the pathological anatomy of acute febrile coronary .angor. The 
eleetroeardiogr.aphic findings of the common form and the acute febrile coronary forms 
of cardioarterial angor are discussed. 

Considerable space has been devoted to treatment. The three ‘‘treatments of 
clioiee” in the so-called cardio-artcrial angor are: (1) intravenous injection of iodides, 
(2) subcutaneous injection of carbon dioxide, and (3) irradiation. Most of the other 
methods of treatment, including a variety of drugs, hygieuic, physiotliornpciitic and 
surgical procedures are mentioned. Kcnioval of the stellate ganglion is discussed in 
some detail, although only two of the authors’ cases were subjected to tills proceilnre. 

Tlie, references, whicli arc mainlj' to the French literntnre, include 37 jiajiers by the 
senior author. The book will therefore be of interest to all who wish to acquaint them- 
selves with contemporary French thought on tlic subject. The reader, however, will not 
find an authoritative discussion of the recent work on the relationships between dis- 
turbances in blood supply of the myocardium and anginal tyiies of pain. Eccognitioii 
of the importance of this work should have compelled a new classification and a rewrit- 
ing of the sections dealing with tlie causc.s of anginal types of pain. Those defects 
seriously limit the usefulness of the book. jg 

The Heart Rate. By Ernest P. Boas and Ernst F. Goldschmidt. 1932, IGO pages 

Springfield, 111., and Baltimore, Md., C. C. Thomas. ’ 

Boas and Goldschmidt present in a small volume the results of an extensive study of 
the heart rate in 356 individuals, 103 of them being normal controls. Thov employed 
he Boas cardiotachometer, an electrical instrument which amplifies and records the’ ac- 
tion current ot each heart beat. The machine is attached to the subject of the experi- 
ment by means of long leads so that it is possible to observe all sorts' of bodily activity 
during the day and what is just as important, the phenomena of sleep Tim authors 
have investigated the many factors which influeiico heart rate, especirHy tlm les^R o 
motion, exercise, hot and cold food and the varying conditions of s erj pVr f 

579 



580 


THE AMERICAN HEART JOURNAL 


study in normal peoide, although it is Avell known that they may precipitate acute cardiac 
failure in patients with heart’ disease. 

Perhaps the most illuminating data for clinicians are the averages obtained on the 51 
normal men and 52 normal women, most of whom were young: 



AV. RATE FOR 

BASAL 

AV. RATE FOR 

MINIMUM 


WAKING HOURS 

AWAKE 

SLEEPING HOURS 

ASLEEP 

Men 

77.8 

61.4 

59.4 

52.8 

Women 

83.9 

69.9 

65.3 

57.7 


The authors emphasize the importance of obtaining true basal conditions for com- 
parative purposes, and they point out the clinical value of measurements made during 
sleep, especially in the differential diagnosis of neuroeirculatory asthenia. Their de- 
tailed studies of the heart rate in cardiac patients are of great interest. The curves of 
rates during the different stages of operations should be scrutinized by internists as 
well as surgeons. 

This little book is one that should not be neglected by physicians or physiologists. 
The subject matter is well presented and the authors keep a good sense of proportion. 
They do not lose sight of tlie fact that tlie heart rate is only one of many factors in the 
circulation. — E. F. Du B. 

The Failing Heart of Middle Life. By A. S. Hyman and A. E. Parsonnet. The F. A. 

Davis Co., Philadelphia, 1932. 

This book, with greater accuracy, miglit have been entitled "coronary arterial dis- 
ease, ’ ’ inasmuch as five-sixths of the text is devoted to this subject. Of the heart that 
fails in middle life as a result of rheumatic, sj'pliilitic, or liypertensive disease, nothing 
is said. 

It is not made clear for whom the book was written. Tliere are intimations that it 
is intended for the practitioner, but if so, it is scarcely justifiable to devote almost a 
fourth of its pages to a detailed discussion of electrocardiograms, and another fourth 
to an exhausth’e presentation of the various theories relating to angina pectoris. The 
general approach of the authors is revealed in their statement: "Indeed, the very 
approach to the simplest discussion of the anginal syndrome must carry one over path- 
ways of the most intangible and complicated sort, proceeding through a labja'inthmc 
maze of neurologic, myogenic, and teleologic routes." In view of this attitude, with 
which the present reviewer is not in sympatliy, it is not surprising that the chapter on 
angina is the longest and most involved in the volume. It is regrettable that their 
learned discussion of this type of heart failure should leave the careful reader with 
his impressions blurred and confused rather than clarified, for there are manj' features 
of angina that may be described clearly and dogmatically, even though some are still 
Xmzzling. 

The book as a whole leaves the impression of being too long ; with the exception of 
the last chapter, it would have been improved by considerable reduction. In tlicir 
apparent desire to leave no topic untouched, the authors have extended their discussions 
and descriptions unduly, and in many instances liave introduced confusion ratlier than 
clarity. It is by no means clear to the present reviewer, even after several readings, 
just what is their conception of myocardosis. Tliey speak of it as "a design.ation spell- 
ing a new approach to the understanding of the earliest manifestations of coronarj' and 
myocardial insufficiency," and in many places indicate that the term applies to early 
changes in the heart. Yet throughout their discussion they speak of early myocardosis, 
and never of later or advanced myocardosis. The pain of this condition is discussed at 
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in this particular field. There is a very eoinplcte bibliography cont.aiiung -•> 
ercnces \iid a complete index. To me it seems a stiniulatuig, tlimightful, and compre- 
hensive presentation of an increasingly important subject, but one nbieh nnll be of 
chief value to the cardiologist or the practitioner rvho has a special interest in d].scasc.s 
, , . Ji. M- jU. 

of tlie heart. 

Die soziaee Bedeutung und Beurteieuno per KREiSEAErEKKRA%'ia!ST.EE. By Dr. 
ined. Franz Griiubaum. Georg Tlucnie, Leipzig, 1933, 2^P- 128. (Arbeit und 
Gesundheit. Hcrausgegeben von Prof. Dr. Martiiieck. Heft 21.) 

This small monograph deserves csiioeial notice in the United States, for, as is mani- 
fest, it owes its inspiration to pliases of interest in the heart diseases which have been 
cultivated especially in this country. Doctor Griinbnnm has, as .a matter of fact, travel- 
led about here to be acquainted with the current course of events. The fact that his 
book is published in the series “Arbeit nnd Gesundheit” is evidence of the growing con- 
cern in Germany with aspects of the heart diseases from the point of view of the iniblie 
liealth. It is, furtlicrmore, not without interest to record the occurrence of the first 
meeting in Germany of tlie ‘ ‘Wissenschaftliclie Koinitce zur Erforschung und Bekaemp- 
fung der Kreislaufstoeruiigen ” in Jrareli, 1033, Leadership in intcro.st in this problem 
is a development in wliieh ive may take a legitimate pride. 

The specific matters which have occupied Doctor Griinbanni are statistics of mor- 
tality and morbidity in relation to age. Ho made compmnsons between experience in 
the United States and in Germany and studied tlie rel.ation of etiological moments to 
the frequency of the various groups. In arriving at diagnoses, use has been made of 
the classification of the New York Heart Gonimittec. In their study of functional clas- 
sification Griinbaum mentions tlie effort of Praeiikel and Doll who have attempted a 
separation based on the reactivity of patients to the intravenous injection of strojihan- 
thin. Tills is a method which requires further coiisider.ation but one whicli surely is 
liable to serious error. Other criteria arc discussed dealing with physical c.vamination 
and with efficiency— -in valvular diseases and in arrhythmias. 

The points of view wliich have received so much attention here in recent years liave 
clearly awakened a response abroad. The importance of this newer idan of understand- 
ing the course of events of a disease as it concerns both individuals and communities 
null become more apparent when, as the result of sifting ideas in various countries, the 
effort IS finally made to devise a working nomenclature of morbidity. In the develop- 
ment of any science, nomenclature or language is obviously fundamental. That this is 

whe,f ‘=°««eetion with the study of diseases is not unexpected 

nhon experience in other sciences, physical and biological, is recalled. A. li. G. 
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Duvoir, iMouquiii, Durniul, Liaii, Eouvierc, Piclioii, Bethoux and Devd. Volume I con- 
tains sections on anatomy and physiolog 3 '; on tlie various syndromes, the arrhj-tlimias, 
angina pectoris and licart failure; and on treatment and the iJhannacodj-namics of a 
large number of drugs. Volume II includes discussions of the usual and unusual dis- 
eases of the heart — pericarditis, endocarditis, mj'ocarditis, coronarj- disease, congenital 
defects, injuries, sj’philis, tuberculosis, actinomj’cosis, echinococcus cj'sts and tumors. 
Volume III, the section on diseases of the vessels, is still to appear. 

The work is inclusive rather than selective. Each chapter is written bj' a man well 
qualified in his field, and each chapter is interesting, but on going over the work ns a 
whole one feels that it has been impossible to avoid repetition or to preserve that balance 
in tlie discussion which will give the reader a clear sense of the distinction between the 
essential and the nonesscntial. Throughout the text there arc frequent references to 
the literature, particularly to the French literature, but unfortunatclj’ the curious reader 
who wishes to look up these references will find no adequate bibliograpln’ to help him. 
An alphabetical index, in addition to the detailed table of contents, would add to the 
value of the book. E. H. 

Syphilis des Herzen.s und der Gepasse. (Vol. IG of Medizinischc Praxis, Sammlung 
fiir iirztliche Fortbildung. Ilcrausgegeben von L. K. Grotc, A. Fromme, K. Warnc- 
kros.) B 3 - Prof. Dr. Ed. Stadler, Leitendcr Arzt der Inneren Abtcilung des Stadt- 
krankenhauses Plauen i. V. Pp. 82 with 8 illustrations. Dresden and Leipzig, 
Theodor Steinkoiiff, 1032. 

This brochure of eighty pages is one of a series of small volumes on medical practice 
intended for general practitioners. In it the experienced author presents a compact 
and Avell-balanced picture of the various aspects of s.yphilis of the heart and arteries. 
The arrangement of the book is orderly, and the pathological and clinical descriptions 
are concise and clear. Tlie usefulness of the volume is increased bj' the comprehensive 
summaries placed at the end of each section and by a few well-chosen illustrations. 

The greater part of the book is, verv properlj-, devoted to sj’philis of the aorta, and 
this subject is treated with admirable clarity and thoroughness. Much attention is 
given to a consideration of the treatment of luetic aoifitis, with insistence upon the 
necessitj' of prolonged, thorough antiluetic therapj’, including the arsenicals, even in 
cases complicated bj* aortic insufliciencj' and bj* anginal pain. Emphasis upon the need 
of caution and judgment in the use of the arsphenamines, however, is not lacking. 

No attempt is made to furnish a complete bibliography, but a list, predominantly 
German, of the more important recent writings upon the subject of cardiovascular 
syphilis is appended. 

As an epitome of our present knowledge of this vastlj’ imiiortant subject the volume 
merits cordial commendation. L. A. C. 

Resultats DU Traitement Chirurgical de l ’Angina de Poitrine Eecueil de 54 Ob- 
servations DE MeTHODE de la SUPPRESSION DU ReFLEXE PkESSEUR ET DE 82 OB- 
SERVATIONS de Symp-^thectojiie Avec Ganglion Btiole. Par D. Danielopolu. 
Pp. 285, with 8 figures. Bucarest, Impr. Cultura, 1932. 

The monograph is based upon a careful analj’sis of the surgical treatment of the 
eases of angina pectoris ; 52 according to the Danielopolu method (suppression of the 
pressor refiex) and 82 with removal of the stellate ganglion, according to the method of 
Franck-Ionneseo-Gomoiu. 

Danielopolu calls his method that of the suppression of the pressor refiexes. He ad- 
vises the resection of the cervical sj’mpathetic chain, without removal of the stellate 
ganglion but with section of the fibers of the cervical vagus which enter the thorax, and 
sections of the vertebral nerves, and of the communicating branches which unite the in- 
ferior cervical ganglion and the first thoracic to the sixth, seventh, and eighth cervicals 
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of tv therapeutic procedure depends upon the accuracy of the .anatomical 
diagnot. The rcrieiver is unable to determine the type of ease for uh.ch the author 

advocates surgical intcrferoncc. 

AnatomiealiY ttie autimr classifies as ceutripetal eardio-aort.c, nervr- Irnnhs: the <-e - 
tripetat fibers passing through the stellate ganglion to the .second, third, and fourth 
dorsal vertebral roots, the vertebral nerve, the cervical symi>athetie., and the pressur 
and depressor fillers of the vagus passing to the inferior eervieal ganglion, lie main- 
tains that the centripetal filters passing to the second, third, and fourth tlorsal roots 
arc pressor, and c-vcitatiou of the medullary end causes a rise iu blood pre.ssnre in tlie 
majority of cases. The vertebral nerve, on e.veitatioa, ha.sod nimn experiments in 8 dog-s 
and 3 eats, gives pressor effects. Tlie cervical .sympathetic chain has both jiressor and 
depre-ssor effeets. The branches from the vagus nerve have also jjressor and depressor 
cffeet.s', 

Tlie pressor plienoinciia are defined as an exaggeration of the yircdonitnaut factors of 
the cardiovascular mechanism; automatism, excitability, conductivity, and cardiac and 
vascular contractility. Depressor phenomena are defined ns a diminution of any or all 
of these properties. 

The centripetal fiher.s, through their connect ion.s with the eerehrospiual sy.stem, con- 
vey sensitivity and thus the sensation of pain is felt. The hypothesis assume.s that the 
toxic products of fatigue accumulate iu the myocardium due to a di.sproporlion hot ween 
the work done and the coronary flow, A pressor retlox results and this pressor retle.v 
increases the burden of work on the lienrt. This increases the intoxication which re- 
sults in motor and sensory phenomen.a whieli wo call angina. Tlie author then slates; 
“To prevent angina we must cut (he centripetal paths of (lie pre.ssor reflex,'* The 
author definitely states that the .sympathetic fiher.s ymssiiig through the stellate gaiiglion 
to the coronary vessels are vasodilutory ami that (he parasympathelie. tiber.s ji.a.ssing 
through the vagus arc va.soconstrictor.s. If one accepts this .statement, then the removal 
of the stellate ganglion de.stroys the nerve trunks which cause dilatation of the coroiiarv 
vosseLs. Tins is the author ’.s the.sKs, and is his main argument against the operation of 
Pranck-lonnesco-Gomoin, and ;ilso against the school of Lcriehe and Fontaine, Page 
after page reiterates this and each individual ease is aimlyzed on (his ba.sis. The cnu.so 
of immediate and remote deatli following the operation i.s believed to he due to this fact 
Iho author further states that the destruction of the vnsodilatorv fiher.s iueroases the 
myocarditis" of angina. It is somewhat difficult to see how this quite fits the theorv 
or to know what the autlior means by ‘ ‘ myocarditis ’ ' of angina 
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Tlie intcrinecliary gniiglion gives olT the iiiiport.'nit cardiac inferior nerves. E.xtirpa- 
tion of this ganglion is a partial stellectoniy. The cervical inferior ganglion gives olf 
several cardiac inferior nerves, more than that of the first thoracic. Extirpation of this 
ganglion is therefore a partial stcllectoniy. The middle cervical ganglion may he lower 
and be in two parts and may be mistaken for the intermediary ganglion. The vertebral 
nerve practically ahvitys ari.se.s from the superior polo of the inferior cervical ganglion. 
Therefore extirpation of this ganglion must destroy the vertebral nerve. 

This monograph is a contribution to the study of the physiology of the sympathetic 
nervous system and of the innervation of the heart. The dissection of the anatomists 
and the illustrative drawings of the sympathetic and parasympathetic nervous system 
with their connections to the central nervous .sy.stem arc rather schematic, and if subse- 
quent work .substantiates the anatomical facts, further physiological experiments are 
needed to prove the main’ contentions of the author. 

The value of the surgical treatment of the pain syndrome of angina is still uncertain. 
In general there is less enthusiasm for the operative treatment of angina pectoris than 
at the time the method was originalh' propo.sed. The author does not comment on the 
method of paravertebral block anesthesia as origiiiall}' proposed by Swetlow. This 
method appears to be safer and is at least a.ssociatcd with practically no mortalltj'. The 
surgery of the sympathetic nervous system is still in its earlj' stages, and the reviewer 
feels that much more must be learned before one can be partisan in the many contro- 
versial matters concerning tlie anatomy, physiology, and 2)harmncology of the vegeta- 
tive nervous system. M. A, H. 
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RouKKT H. Bayucy, M.D. 

Axk AunoH, Mien, 

|YNAj\ 11C dilatation of Iho aorta may he dofined as an increase 
in the size of tlic lumen for a variable distance along its course, 


tamed tlirougiioiu. aiasioie, anu js (iiuumii- lu uu mv 
of cardiovascular factor.s. Jt must, be undei-slood that disca.se at the 
site of dilatation docs not exist to an inliuential degree or tlic con- 
dition at once becomes confused willi aneurysm, aortitis or arterio- 
sclerosis. 

Osier’ stated that d.\mamic dilatation of the aorta was tirst observed 
in the time of Itloi’gagni, and describes its occurrence in three condi- 
tions; aortic insufficiency, neurotic slate.s, and anemia. 

In 1886 Hare- reported a most instruct ivo case as aneurysm of the 
thoracic aorta. A white girl, aged eighteen years, came under his ob- 
servation complaining of pain in the left chest- and arm. She liad suf- 
fered from attacks of acute articular rhemnatism every winter for six 
or seven yeai-s. “Inspection of the chest .showed an cgg-.shapcd pro- 
trasion in the suprasternal notch, very expansile and bulging at each 
systole of the heart. Dilatation extended well up the innominate artery 
for over one ineh from its point of origin. . , . Over the protrusion wa.s 
a thrill and bniit.” There was a double aortic murmur and a water- 
hammer pulse. Osier, wlio .saw the patient during life, slated that at 
autopsy a few months later, he was not .surpri.sed at finding the lumen 
of the aorta too small to admit the index finger. 

Sheldon* obsemd the condition in a Ijo.v, Ion and one-lwK years old, 
who suffered feom clironic neplmlis with hypcHonsion and secondary 
anemia Mood Wassomaim test was nogalivo on two occasion^ 
Th^stolic Wood pressure was 210 mm. llg; (he diastolic. 155 mm. Hg, 

•nom tto Departmon, .t SWIelno, n„,var.a,. MoUIcl SclJ, 
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An aortic diastolic mimnur developed while the patient was under ob- 
servation. Roent.gen-ray studies demonstrated pronounced enlargement 
of the aortic arch. The child died of uremia a month later. Autopsy 
showed an aortic arch of normal size. Sheldon cites a similar case de- 
scribed by Evans ;•* this patient, a child, died of cerebral hemorrhage. 
These three cases are unquestionable examples of dynamic dilatation 
of the thoracic aorta. Navairow^ in 1917 reported a probable case. 
The patient was a child vutli rheumatic aortic insufficiency. Sypliilis 
was excluded. Under obseiwation the aortic arch dilated from a posi- 
tion 1 cm. to a position 3 cm. above the suprasternal notch. Navarrow 
suggested that rheumatic disease may affect the aorta as does syphilis. 

Compare Artth this group the cases of permanent enlargement of the 
cavity of the aorta, due to syphilis and arteriosclerosis reported by 
McCrae,'’ Bromi," and Lankford.® This condition most commonly in- 
volves the ascending aorta. It Avas described by Hodgson in 1S15 and 
is referred to as the hlaladie de Hodgson by the Freiich, Unlike dy- 
namic dilatation it is due to disease of the aortic Avail, either arterio- 
sclerosis or syphilis, or both. The disease process frequently involves 
the aortic valve. Until the adA-ent of the x-ray this type of aortic 
enlargement AAms almost alAAmys an unsuspected finding in the dead 
house. With modem x-ray methods its detection is common. As might 
be suspected the patients are almost AAuthout exception over thirty-five 
years of age. Tavo of IMeCrae’s cases Averc under thirty years of age, 
and, therefore, may not have belonged to this group. The enlarge- 
ment is of fusiform character and iiiAmlves the arch of the aorta and 
is alAvays in eAudencc at autopsy AAuth accompanying disease of the 
vessel AAmll. 

CASE REPORTS 

The three folloAving cases AA’^ere studied on the Avards of the University 
of Michigan Hospital. All AAm’C seen AAuthin a period of tAvo months. 

Case 1. — A housewife, white, aged thirty years, was admitted to the medical 
ward Jan. 8, 1932, complaining chiefly of pain in the precordium and in the right 
side. These pains AA’ere not associated, the latter being felt in the right costo- 
vertebral angle. She was known to have had a "leaking heart” at the age of 
twelve years. At fifteen years she had a tj'pical attack of rheumatic fever. She 
thought that this aggravated the heart condition, as at that time she experienced 

shortness of breatli on exertion. The precordial pain, although present for the 

past eight years, had become more severe during the past year. It Avas most 
intense at the apex of the heart. Its onset was sudden and ivas accompanied by 

numbness of the left arm, tachycardia and flushing of the face and neck. She 

had noticed edema only during pregnancies. She Avas the mother of four chil- 
dren and had had considerable domestic difficulty. 

Fhysical Examination . — The patient was asthenic and did not appear acutelj 
ill. There was no orthopnea or dyspnea at rest. The pupils were round, regulai, 
equal, and reacted to light and in accommodation. The apex impulse was seen 
and felt in the fifth intercostal space, 7.5 cm. from the midsternal line. It Avas 
Avell localized and not abnormally forceful. Tliere was visible systolic pulsation 
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* 1 cnnoo iust lateral to the sternal horder, more pro- 
in the right second mtercostal sp< 3 jt was not palpable and there 

nounced during full expiration anc . - extended 4 cm. to the right 

was no thrill. At this level extended 8 cm. to the 

of the midsternal Ime. The Jei ,, ,.ereo«=tal space. A soft systolic murmur 

Irft „1 the n.iasten»l lino .« tl.o f.» ainstolic .nnmur 

was heard at the apex. In m aoi i * « louoj Tlic pulmonic second sound 

,I medium intensity ovM* rop ~<n ,,,, 33S ng, tl,c dinstolic, 

was not accentuated. I ^ „er were there other vascular signs of 

::.r;ns„rr -s — ^ 

octasions The loutino mine, Hood, and stool examinations sliomcd liotlimg ab- 
rornd Tho oloetrocavdiogian, slioived marked left rontncnla, prciiondorano . 
The x-ray studies, including fluoroscopic examination, showed a gross increase 



F'ig. 1. — Case 1. Pronounced increase in tiio supracarcliac -shadow, due to dynamic 
dilatation of the aorta in a case of aortic insufficiency (probably rlieumatlc in origin). 
Boundary of aortic shadow marked hy arrows. 


the anteroposterior diameter, as well as in the transverse diameter (Fig. 1 ) of 
the ascending aorta without cardiac enlargement. The transverse and descending 
portions of the aorta were thought not to be dilated. The patient had no attacks 
of chest pain during the four weeks that she remained on the medical ward, al- 
though she was up and about during the last half of this period. She returned 
three months later for a clieek-up. No drugs had been taken in tlie interim. 
Further x-ray studies at this time showed no change in the size of the heart or 
aorta. 


I>?sctts 570 ?i..— Syphilis with aortitis and aneurysm and rheumatic licart 
disease were the cardiovascular diagnoses considered. It was apparent 
clinically that a large part of the precordial pain was psychogenic. The 
patient apparently desired hospitalization to escape domestic routine 

Itb!!! Ifbkrt attack” occuiTca in the convalescent hospital pending 
dischaige from the surgical seiviee where the diagnosis of nephroptosis 
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had been made. Tlie pain of S3'philitic aortitis is nsuallj^ substernal 
rather than apical and is not as a nile accompanied by rapid heart 
action. Under tlie fluoroscopc tlie lively pulsations of the first part of 
the aorta were striking. The enlargement apparently involved the en- 
tire circumference of the vessel. When the pulsation of an aneurysm 
is visible, it is usually palimble as well. Since the patient was known to 
have a valve lesion at twelve .years of age, it is improbable that s.vph- 
ilis could have been the causative factor. The definite historj^ of 
rheumatic fever strongly suggests that this condition Avas alone re- 
sponsible for the lesion. Ehcumatic aneuiysm is relatiA^ely rare, and 
it is of the mycotic t.vpe Avhich is quite incompatible with the picture 
presented. In A'iew of the observations described later, it seems prob- 
able that the dilatation of the aorta was of the d.ynamic varietj^, and 
one would not expect to find the A'cssel enlarged post mortem. 



Fiff. 2. — Case 2. Dynamic dilatation of the aorta and pronounced enlargement of 
the heart, involving the left ventricle particularly. Limits of aortic shado'sy_ marKea 
by arrows ; the point indicated pulsated violently on fluoroscopic examination, ana 
aneurj'sm was suspected. 

Case 2 . — A boj, aged fourteen years, was admitted to the medical ward on Feb. 
8, 1932, complaining chiefly of a head cold. Head colds and sore throat had 
occurred frequently for several years. At the age of eight he was told he had 
heart disease. His activities had been restricted since. The present respiratory 
infection had troubled him for four weeks and was accompanied by sore throat 
and fever. There was no history of rheumatic fever or chorea. 

Physical Exmnination -. — The patient was delicately built, well nourished, and 
not acutely ill. The pupils were equal and reacted to light and in accommoda- 
tion. There was slight pulsation of the retinal arteries. There was considerable 
carotid pulsation at the angles of the jaw. The neck veins were not distended. 
Systolic pulsation was seen in the suprasternal notch and in the right second 
intercostal space close to the sternum. The apex impulse was in the anterior 
axillary line at the level of the fifth intercostal space. The left border of cardiac 
dullness was 13 cm. and' the right border 3,5 era., from the midstemal line. The 
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supracardiac dullness lueasuied < < 

* •» tv 


cm, in 


B-idtli. There was a thrill at the apex and 
At the apex there was a loud harsh 


base. A aoable ‘ The "pnlraonic second sound and 

«™dVe” — tea. The .a, 

sound sL audible oecc tl.o femoral vessels. The lungs ■.vere clear. The abdoraen 
and extremities were negative. The reflexes were active. 

Laloratory Tests.~The routine Kahn test was negative. The Wood, stool, and 
. a T),(} elcetrocardioj 

diphasic in Lead I! 

insufliciency with great cardiac enlarge- 

• .» <».. i._l 


itmo ivann rest was nuyavixv.. , 

urine studies showed nothing abnormal. The elcetrocardiogram showed '^^t^mely 
tall QES deflections. The T- waves were diphasic in Lead II and im cited in Lc 
III, as is frequently the case in aortic insufliciency with great cardiac enlarge- 
ment. The orthodiagram showed a variation of plus 30 per cent in the fronta 
plane area (as compared with the normal for individuals of similar height and 
weight), and plus 39 per cent in the transverse diameter of the cardiac silhouette. 
X-ray studies (Pig. 2) showed gross prominence of the aortic hnob and widening 
of the ascending aorta; cardiac enlargement, chiefly left sided; and thickening 
of the apical pleura on the right side. Lateral plates confirmed the diagnosis of 
aortic dilatation. 

Clinical Course . — Tlie patient remained in the hospital four weeks on bed rest. 
There was slight fever and leucocytosis, possibly due to active endocarditis, Pro- 
longed rest was advised on discharge, 

jOisctissioR.— The aortic dilatation hr this ease ivas more diffuse than 
that in Case 1 and involved the entire aortic arch. On fluoroscopic 
examination the size and pulsations of the aorta w'crc striking. The 
examiner's first remark ivas ‘'aneurysm." The marked enlargement of 
the left ventricle is apparent in the x-ray plate (Fig. 2). 

Case 3. — A wliitc hoy, aged seventeen years, was admitted to the medical serv- 
ice on Feb. 11, 1932, complaining chiefly of shortness of breatli and pounding of 
the heart. There was a history of rheumatic fever si.x years before, Ko liistory 
of congestive cardiac failure. 

Physical Examinaiion.—Tho boy iras fairly well developed, but Ids nutrition 
was poor. The cheeks presented a malar flush and t)ic lips a reddish cyanosis. 
The left pupil was slightly larger than the right. There was moderate over- 
distention of the veins of the neck and vigorous throbbing of tlic carotid arteries. 
The precordium Avas prominent and the cardiac apex pounded forcibly in the 
midaxillary line. All the classical signs of mitral stenosis and aortic insufficiency 
were present. The supracardiac dullness extended 7.5 cm. to tho right of the 
midstenml lino at the level of the second intercostal space. In this space there 
was a visible systolic pulsation followed by a diastolic thrill. Tlic rhythm was 
mguiar; tlm heart rate 100 per ndnute. The systolic blood pressure was 120 mm. 

g, le diastolic 40 mm. The lung flelcls were clear. Tlie liver border reached 
two finger breadths below the right costal margin. Tlie remainder of the exami- 
ation contiibutod nothing of importance. 

Lahoratory Tests.~The routine blood Kahn test ivas neo-ativo Tho MooU 
stool, and urine findings were not abnovtnol Tho i <• j- blood, 

inversion of the T-waves in Leads I TT on/i showed marked 

X-ray studies (Figs 3 and 41 "vih % ’-i suggesting myocardial changes. 

^ence of the softtissues of thf i 

emnmon carotid ™-te, 

iS per cent variation in the frontal ulane ’ r showed a plus 

at plane area (in comparison with normal stand- 
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ards for individuals of like height and weight) and a plus 47 per cent variation 
in the transverse diameter of the cardiac silhouette. 

Clinical Course . — The patient remained in the hospital four weeks. The sys- 
tolic blood pressure varied from 100 to 120 mm. Hg, the diastolic rose steadily 
from 40 mm. Hg on admission to 80 nini. at the time of discharge. 

Discussion . — TJie general picture resembled that seen in Case 2 in 
many respects. One might even have mistaken it for a more advanced 
stage of the underlying process in the same individual. The dilatation 
of the aortic arch was extreme. The right border of the ascending 
aorta lay just inside the right midelavicular line. There were no symp- 
toms of superior mediastinal compression. It is interesting to speculate 
on the possibility that the left pupil! aiy enlargement resulted from 
stimulation of the left thoracic sympathetic nerve trunk by the large 
vigorously pounding thoracic aorta, klore interesting still was the 



Fig. 3. Fig. 4. 


Fig. 3. — Case 3. Dynamic dilatation of aorta and its main branches. Great enlarge- 
ment of heart. 

Fig. 4. — Case 3. Cardiac silhouette, right anterior oblique view. Outline of enlarged 
ascending aorta indicated by arrows. 

steady rise of the diastolic blood pressure during hospitalization. Surely 
such mechanical improvement could not have been due to actual heal- 
ing of the pathological changes in the aortic valve, for such healing 
ordinarily results in greater insufficiency or stenosis. It seems prob- 
able that the steady rise of 40 mm. Hg in the diastolic pressure was due 
to improvement of a superimposed relative insufficiency of the aortic 
valve, associated with the extreme aoriic dilatation. 

OTHER CASES OF RHEUMATIC AORTIC INSUFFICIENCY 

Eighty eases of rheumatic aortic insufficiency were selected from 
the hospital records for study. In order to avoid including examples 
of luetic or arteriosclerotic aortic insufficiency unwittingly, all cases in 
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wliicli the patient was more tiian thirty-one years of age wore excluded. 

Syphilitic aortic disease is rare in the age interval with Avliieli we are 
concerned. In the past seven years no cases of sypliilitie aneurysm 
have been observed in this hospital in Avhich the patient’s age ivas less 
than thirty-one year’s. Tlris condition has been observed in patients 
less than thirty-five years of age only six times during the same period. 
In all of these patients serological tests for syphilis were positive, and 
there was a history of syphilitic infection or of symptoms suggesting 
it. In all instances preeordial pain rvas the chief complaint. 

In 98.8 per cent of the eighty cases of rheumatic aortic insufficiency 
studied, the additional clinical diagnosis of mitral stenosis had been 
made. All of the patients had x-ray studies, and all gave negative 
serological tests for syphilis. Eight and four-tenths ])er eent°were 
found to have definite enlargement of the aortic arch. Twenty com- 



— — 

PomVoSi" TlS'bonlcrr™'hoZSS “ 

-Pdiovasoulap disease. T),e 

feats complained of severe, uubeai-abll vl '““I'* 

of advanced congestive heart failure P verge 

which death oceoreed 

shorvn that acute rheumatic aortitis is ^ ^^eumatic fever have 

-dial pain is not a usual corptL"o7nT T P- 

heumatic attack unless pericarditis or 'J^^t^ierrirg an acute 

seem that acute rheumatic aortitis does ^ 'develops. It would 
It rs fairly well established that Pi'oduee pairr 

« clriefly to the adverrtit!f n 'Th «re aorta is com 

loedia, though affected durino- changes Th^. 

-p remotelv -^hlipfSe s“ hffls^^'- ™%hanlt 

ancprjsm is invariably of the mycotic "type 
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In this group of eiglity patients the average systolic blood pressure 
was found to be 129 nun. Hg; the average diastolic -was 71 mm. Tlie 
heart rate was so variable that an average would mean little or notliiiig 
Only 64 per cent of the patients with an enlarged aorta had a pulse 
pressure gi’eater than the average. In this series of cases of rheumatic 
aortic insufficiency there was one with clinical enlargement of the aoita 
(Fig. 5) that came to autojisy. The aorta was found to be hypoplastic 
post mortem. 

The healing of the acute aortitis that must accompany most of the 
severe cases of rheumatice fever is apparentlj’" complete in the vast 
majority. This is shomi b.y a study of 64 autopsied cases of rheumatic 
heart disease, only one of which showed microscopic evidence suggest- 
ing rheumatic aortitis. This series of autopsied cases, included eases 
with either aortic or mitral lesions or with both. In no instance was tlie 
aorta enlarged. Nineteen per cent of the iiatients vuth aortic insuf- 



Pig. 6. Fig-. 7. 


Fig. G. — Dynamic dilatation of the aorta in a patient with cardiac .symptoms at- 
tributed to a psychoncurosis. 

Fig. 7. — ^Dynamic dilatation of the aorta in a young psyclioneurotic patient. Ou - 
line of aorta indicated by arrows. 

ficiency with or vdthout mitral stenosis had hypoplasia of the aorta. 
A clinical diagnosis of aneuiysm ivas made in 3 per cent of tlie cases, 
and in each instance aortic insufficiency was present. In no case was 
an aneuiysm found post mortem. It was ratlier interesting to note that 
16 per cent of the cases diagnosed clinically as hartng aortic insuf- 
ficiency and mitral stenosis were shoiwi after death to have aortic 
insufficienc}^ without organic mitral stenosis. 

EXOPHTHALMIC GOITER 

Two hundred and sixty-three cases of c.xophthalinic goiter were se- 
lected. There was no evidence that any of the patients had syphilis. 
All were between fourteen and thirty-one years of age. All had had 
x-ray studies. It was found that 12 per cent had enlargement of the 



„*v,.v.v: ..VN-AMK: „„,ATAT,<.K »,• A..,.TA 

.vi,. Of 11, is- ."iiy "f """ 

l,c „nrilmlo,l to lioorl ,lis<-n-s''- . 

wT;:"‘:ni;r:t u,,- -o- ..r .-.oh.-. ,...,1 vi„i.-,„ 

?i™s wro o),s,..-vo,l on » fo'v .«-asions. 'n.,- ovov,,..- .n.lso pr. ss.m- 
,v-,s T’ ran, 11" On,- of Itn- 1 «,ti,-nts «ill, .-hnn-ol ,-nl.-,r-.',-,in-iH ", 

,li,.,I of ,>,„-nn,onin. :„„1 Hn- noOn "ns l,y|«,|.lnsln- nt ,„ll..|,s,o. 

t\\ui>i\c sr.i'ito.-'is 

T)io cnso mwds of thirt.v-«ino i.atu-nts l»i-i\v.on fouii.t n soul Uarty. 
one ycius of a: 4 e ^Yi1h eaidiae romplaints tUnt \vr»v tn « 

psveiioncnrosi.s were examinen. In lunu- <.f ihe.M- cns.-s wa*; thesv suiy 
ev'idenoo of sypliilifie infection. IJoenlii.n-vay cxanunuttons ha., heeu 
made in all. In three, or h i«er cent, there was deUnit.' enlurueinenl 
the aortic arch as dcterinincl hy x-ray an»l ilunrosc<,pic exaniinaliott. 
(Fills. G and 7.) Two-tliirds of the total nninhvr of patients csnpla.ined 
of procordial ]»ain. Aside from ptiitt. sinns tachycardia w.as tile only 
cardiovascular symptom. Tin* el.ctrocardiojjram showed notiiinir ah- 
normal o.xccpt rapid heart action. 'I'lie basal metaholic rates wer,- jd! 
within the avera'iO normal limits. Foci of infection were not sn evi- 
dence, 

i»i.s(:rssioN 

The literature ou the .subject of dynamic .lilatatiou of the aorta was 
found to he snrprisim^ly scanty, the .-ondiiion is nut well muh'rstuod. 
It would seem that enlaroiniont of the aortic arch i.s not uncommon in 
youu'^ persons affected with rhcnmatic aortic ijjsnfrn'iem'V. exo[,!ilh!dtnic 
goiter, or a cardi.'ic ncnrosi.s. That it also oemu's in young jMU'.son.s with 
chronic nephritis and hypertension is .slutuai by Sheldons ease already 
mentioned. On a few occasions 1 have observed .sti'ihing enlargeJneiit 
of the aortic arch in a youmg person with ]>ulmonary tubcivnlosis. 

namic dilatation of the aorta appear.s to depend uj>on various al- 
terations in cardiovnseular dynamics, but the exact nmnner in wliich 
It i.s brought about is jiot clearly utnh>rstood. The ag(> of the palimit 
sinus tachycardia, an increase in pulse prc.ssure. an increase in the 
force and in the quantity of blood ejected by left vcntricttlar svstole 
and an increase m peripheral resistance are all thoinght to he important 
faclo,-s. Sul,-, 1 . 0 ., „1 ,„„1 ,„„io ,, 


coxcnu.siox 


] lents with a c.ndmc neurosis the dilated 
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aorta has l^een observed to return to normal size within a few weeksd- 
This so-called dynamic dilatation is manifest clinically, but not at 
autopsy. The condition is far more common than the literature would 
indicate, and is of great importance because of the frequency with which 
it is mistaken for aneurysm. Aortic enlargement of this type is com- 
monly labeled aortitis, although no inflammation or organic disease of 
the vessel exists. The term aortitis so used is therefore misleading. In 
older people with aortic dilatation the diagnosis of aortitis is usually 
correct, for here autopsy reveals fusiform enlargement and degenerative 
changes. When syphilitic infection is Imown to have occurred and sub- 
sternal pain, paroxj^smal noctuimal dyspnea and a ringing aortic second 
sound are present, the diagnosis of aortitis may be justified even when 
x-ray examination is negative. 

One should hesitate to make the diagnosis of aortitis or aneiuysm 
in young individuals simply because the aorta is enlarged; the enlarge- 
ment is likely to be of the dynamic sort. 

Thanks arc given to Dr. Frank N. Wilson for his invaluable assistance. 
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A STUDY OF DEAD IV 


Its ArPEAiuNCE Nobmaua', 3m Myocaldiai. Diskase, asi. in I!yo!nt 

COROKAHY OcCliUSION^' t 
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W OLFERTH and WoocR recently described a fourtli lead Avitli which 
they found changes diagnostic of coronary occlusion that Avere absent 
in the three-lead electrocardiogram. This work shows that important 
electrocardiographic changes may be missed because they occur in the 
anteroposterior diameter, which the ordinary leads do not explore. In 
a second report, IVolferth and Wood= added three further cases of 
coronary occlusion in AA’hieh the fourtli lead was not essential for the 
diagnosis, and in one of which the fourth lead Avas not abnormal. 

We decided to study this fourth lead further in order to define the nor- 
mal configuration and the deA'iations from normal AAdiich might occur in a 
, series of unseleeted consccutiA^e cases. In this AA’ay Ave hoped to determine 
the A'alue of using the fourth lead routinely. 

Yai’ious tri-diinensional leads ha.A’e been used experimentally (Cohn,^ 
Wilson,^ Zeisler and Katz’’’) but aa'c decided to folloAV the Lead IV already 
studied by Wolferth and Wood.^ Any other fourth lead Avhich tapped the 
heart current in the anteroposterior plane Avould have serA^ed as Avell, but 
at this time it AA'ould be confusing to use another lead Avhen a standard had 
been established. Indeed, in following their procedure Ave AA'cre tempted to 
rcA’^erse the connections of the electrodes because the normal configuration 
of Lead IV so taken, is like that of the other leads. 

A series of 25 normals Avas obtained for control. Then, during June, 
1932, this lead AA^as used routinely on 86 patients A\dth clinical evidence of 
heart disease, Avho Avere sent to the Heart Station for electrocardiograms. 
In addition, tracings of 11 patients AA’ith recent coronary occlusion AA^ere 
taken, in one of Avhom the diagnosis Avas confirmed by necropsy. 

The sei'ies of tracings is too small to draAv final conclusions on many 
points. We feel justified in presenting our tentative conclusions to serAm 
as a basis for the normal and for deviations from normal. It Avill be seen, 
hoAvever, that the material is adequate to settle many points. 


by thiEmu'^and Foundation. New York, and 

Diseases of the Heart and C?rculaUon. Alichael Reese Hospital for the Study of 

tProm the Heart Station, Michael Reese Hospital, Chicago. 
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TECHNIC 

The technic of Wolferth and Wood’ was modified slightly. The patient 
lay on his left side. Pliable pure tin electrodes, 3 cm. by S cm., were em- 
ployed. The site of the electrodes Avas shaved when necessary. The skin 
over the region was cleansed with alcohol. A warm paste of flour and salt 
was spread over the electrodes, which were then quickly applied to the 
chest. The anterior electrode was placed at the level of the fourth inter- 
space just to the left of the sternum. The posterior electrode Avas placed 
on the back directly opposite the anterior electrode, viz., 180° from it, just 
medial to the right scapula. The anterior electrode AA^as connected to the 
I'ight arm terminal and the posterior electrode to the left arm terminal of 
the control ])ox. The plates Avere kept close to the body, either AAdth pilloAA's 
or an elastic Avebbing. 

The small size of the electrodes made it necessary to use precautions to 
keep the skin resistance loAv..by brightly polishing the electrodes, removing 
greasy material from the skin, increasing local circulation Anth AAmnnth, 
maldng close contact Avith the skin and by using a concentrated salt-flour 
paste. Even Avith those precautions a fcAv of our tracings showed 
overshooting. We discarded all tracings Avhich shoAved, AAdien stand- 
ardized, an overshooting of more than 1.5 mm. 

Our cases fell into three groups : (1) those showing no evidence of heart 
disease clinically or elect rocardiographieally (in the ordinary three leads) ; 
(2) those Avith clinical evidence of cardiac disease (a) AAuth normal con- 
figuration in the standard three leads, (b) Avith abnormalities in these three 
leads indicating myocardial damage; and (3) cases of recent coronai'y oc- 
clusion. The appearance of Lead IV in each of these groups Avill be de- 
scribed in turn. The description is based on a detailed analysis of a large 
summary table of the measurements of all four leads in each case of the 
series. 

NORJIAL APPEARANCE OP LEAD IV 

The Lead IV of the individuals AA'ho had no manifest cardiac pathologi- 
cal condition and Avhose three-lead electrocardiogram Avas nonnal, shoAved 
the foUoAAung (Table I) : (1) The P-AAmAm Avas usually negative, often 
notched, and occasionally diphasic. (2) The P-R interval aa^s generally 
shorter by 0.01 to 0.03 sec. than in Lead II (the usual lead in AA-hieh the 
P-R is measured) . (3) The QRS AA'as diphasic, the first phase being nega- 
thm, or if one prefers, a Q-Avave in the sense of Pardee.® The QRS Avas high 
as a rule (average 20 mm.). The relative magnitude of the tAvo phases of 
QRS varied considerably. In no instance Avas the QRS entirely negative or 
positive; as a rule the smaller phase Avas more than 15 per cent of the 
larger, and usually the tAvo vfevQ of equal magnitude. In no instance AAms 
the first phase of the diphasic QRS positive. As a imle there aa^s slight 
slurring of the doAAmstroke of the Q-Avave and of the positive Avave. (4) 
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The S-T segment was nsiially isoelectric, but sometimes it was de- 
pressed as much as 2 mm. It was never eleval cd. Often the S-T »^terva^ 
could not be definitely distinguished, for the T-wave took oft 
from the QRS. The S-T segment in many cases was curved, (o) iue 
T-wave was inverted, as a rule, often pealced, with symmetrical sides 

Tahi-b I 

Analysis of Lead IV in 2 ') Noumal Casks 



aWEnAOE 

LEAST 

GREATEST 

Heiglit of P 

Duration of P 

— Yi mm. 

0.08 second 

-i-1/4 mm. 

0.04 second 

-114 iDia- 

1 0.12 second 

P-E interval 

O.loo second 

0.12 second 

0.20 second 

QKS duration 

0.08 second 

0.07 second 

0.09 second 

Amplitude QES* 

20 mm. 

0 mm. 

34 mm. 

Heiglit of Q 

-81/t; mm. 

-1 mm. 

—19 inm. 

Height of positive ' 



-t33 mm. 

portion of QES 

+12 mni. 

+2 mm. 

Height of T 

-3 mm. 

+1 mm. 

-S imn. 

Duration of T 

0.18 second 

0.07 second 

0.25 second 

S-T deviation 

-1 mm. 

0 mm. 

-2 mm. 

•Amplitude of QRS is tlie sum of the amplitudes of its two 

CL b e 

phases. 



Pig. 1. Six examples of of variatiops in the QRS 

and rounded shoulders, the convexities pointing upward and toward 
each other; an appearance which resembled the inverted coronary T-wave 

erted U-wave was present. (7) The durations of P, QRS and ORST 
.n Lead IV we identical, tvithin 0.02 to 0.0.3 of a aecoh: nS.h HtTeL 
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urements in the other three leads (cf. Zeisler and Katz”). Segments of 
Lead IV in six normal cases are .shown in Pig. 1. 

LEAD lY IN PATIENTS WITH EVIDENCE OF CARDIAC DISEASE 

The analysis is based on 86 tracings of all four leads in jiatients with evi- 
dence of heart disease other than recent coronaiy occlusion. Onlj'^ 3.3 of 
these 86 records of Lead IV showed characteristics differing from the nor- 
mal standards given above — the rest presented no deviation from normal. 
In general, our analysis showed that when the electrocardiogram of the 
three leads was within normal limits, it was also normal in Lead IV ; when 
the curves of the standard three leads were abnormal. Lead IV was abnor- 
mal. A sufficient number ol' exceptions were present to warrant further 
analysis. 

The time relationships are the same in Lead IV as in the other leads, viz., 
the duration of the P, the QRS, and the T in Lead IV, was found to be the 
same as in the other three leads. Two eases of hundle-hranch block, for 
example, showed the identical widening of the QRS complex in all four 
leads. The P-R interval in fir.st degree A-V block was also increased in 
Lead IV. 

The arrhythmias, auricular fibrillation, A-V block, intraventricular 
block, sinus arrhythmia and shifting pacemaker, showed up as well in the 
fourth lead as in the conventional three. The “f” waves of auricular 
fibrillation were not always clearer in the chest lead than in the other leads 
(ef. Lewis'). In one instance Lead IV showed sino-anricular block when 
the others did not. It is likely that this phenomenon is due to the different 
IDOsition of the patient during the reeoi’ding of Lead IV. The same ex- 
planation prohahl.y holds for those cases in Avliich extrasystoles appeared 
in Lead IV hut not in the other three leads. 

Changes in QBS. — For this study the amplitude of the QRS complex 
was considered as the sum of the maximum deviation above and below the 
isoelectric line. The amplitude of the QRS complex so measured in Lead 
IV bore no definite relation to the amplitude in the other leads in this group 
of cases and in the normal series. Usually the amplitude in Lead IV was 
higher than in Leads I, II, III, hut sometimes the reverse was true. “Loav 
Amltage” of the QRS in the conventional leads Avas not ahvays accompanied 
by a “loAv A^oltage” in Lead IV as shoAvn in Table II ; the deflection often 
being normal, or CA'^en exceptionally high in this lead. Tavo tracings in our 
series shoAved a Ioav deflection of QRS in Lead IV Avith deflections of nor- 
mal amplitude in Leads I, II and III. These obseiwations are summarized 
in Table II, in AAhich QRS heights in Leads I, II and III of less than 10 
mm. are compared Avitli the QRS amplitude in Lead IV, and amplitudes of 
QRS of less than 10 nun. in Lead IV are compared with the amplitudes in 
the other leads. This lack of correlation is not difficult to understand.- It 
has been pointed out (Katz®) that Ioav amplitude in the standard three 
leads may be due to one of three causes: (a) intraventricular block, (b) 
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relative increase in the shunting of the heart’s currents away from the 
electrodes, and (e) a change in the heart’s position so tliat its long axis 
lies in a plane more nearly perpendicular to the plane of the leads. It is 
likely that the change in the position of the heart explains the lack of 
coiTespondence of the amplitude in Lead IV to that in the ordinary 
three leads. Lead JV may therefore be useful in separating cases of 
“low voltage” in the standard leads due to change in position, from 
those due to intraventricular block or increased body shunting. 

Tahle II 

COKRELATION OE AMPIATITBES* OP QRS IN THE FOPI: LeADS 
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Some slight slurring was present almost regularly in the routine I^eacl 
IV. The do\vnstroke of; the initial negative deflection and the downstroke 
of the terminal positive deflection were of less steep gradient and thicker 
than the upstroke. Occasionally an abnormiil degi’ee of slurring, or even 
notching, appeared in Lead IV without a similar change in the ordinary 
leads. Jlore often, liowevei', .slurring or notching appeared in either Lead 

I or II but not in Lead IV. In a few in.stances we found excessive .sluiTing 
and notching in all leads. In other words, excessive .slurring might appear 
in Lead IV when not present in the other loads, and it might be absent 
in Lead IV when present in the other leads. Notching and .slurring in 
Lead IV, but not in Leads I or II, occurred six times. In all of these there 
were clinical evidences of myocardial disease. Slurring or notching of 
Lead IV as an isolated finding therefore suggests cardiac disease; but no 
more significance can be attached to it than to isolated slurring or notching 
of QRS in either Leads I or II. 

In no instance of this series was the first phase of a diphasic QRS up- 
ward. A small triphasic QRS (only 3 mm. in height) was found once, as- 
sociated with other electrocardiographic evidence of myocardial damage, 
viz., notching and slurring of all the leads, an inverted T-wavc in Leads I 
and II, and a negative S-T in Leads I, II and III. In three cases the QRS 
was monophasic, being exclusively upward. In each of these cases there 
was other electrocardiographic evidence of myocardial disease, such as a 
negative T-wave in Leads I or II, slurring and notching of QRS in these 
leads, “low voltage” (below 5 mm.) in all three leads, or deviations of the 
S-T segment. 

There was no correlation between a deep Q-wave in Lead III (or Leads 

II and III) and the form of tlie QRS complex in Lead IV. Nor was there 
any eoiwelation between the deviation of the electrical axis in the three 
leads and the form of the QRS complex in Lead IV. Left axis deviation 
(or left venti’icular preponderance) might be associated in Lead IV with a 
higher positive phase of the diphasic QRS, with a higher negative phase, 
or with phases of approximately equal magnitude. No instance of right 
axis deviation was recorded in this sei-ies. 

T-Wave. — A positive T-wave in Lead IV occurred 16 times. Eleven of 
these 16 tracings were cases in Avhich the three conventional leads showed 
changes characteristic of myocardial disease, such as inverted T-waves in 
I and II, slurring and notching of QRS in I or II, and deviation of the S-T 
segment. But five of these tracings Avere from patients Avhose three-lead 
electrocardiogram shoAved no abnormalities. These five patients Avere as 
folloAvs; (1) a woman of fifty years with hypertension and an enlarged 
heart in the roentgenogram; (2) a boy of £ve years with acute rheumatic 
feA^er ; (3) a mentally retarded boy of thirteen years AAuth cryptorchidism 
and Avith a systolic apical thrill and murmur Avhieh may have been due to 
congenital heart disease or a preAuously unrecognized attack of acute rheu- 
matic fever ; (4) a boy of five yeai’s Avith an indefinite rheumatic history, an 



KATZ, AND KISSIN : 


A STUDY OF LEAD IV 


601 


apical systolic murmur, and a globular shaped heart in the roentgenogram. ; 
(5) a o'irl of thirteen years who had had cliorea and now presented the c^ i- 
dence of rheumatic heart disease. Patient (1) above, showed a long, flat, 
low, notched T-wave in Lead IV. 

Inasmuch as several of our control tracings showed inverted T-waves of 
low amplitude (less than 1 mm.) we considered the same finding in our 
group with cardiac disease to be without significance. There were two 
cases in which all four leads had T-waves of low amplitude. Otheiwise 
there was no correlation between a low T-wave in Lead IV and low T-waves 
in the other leads. It is not possible categorically to set the limits of tlie 
normal T-wave amplitude — nevertheless, the amplitude of the T-wave in 
our control group was never le.ss than ^4 mm., wliereas in those two cases 
with low amplitude of the T in all leads, T-IV was only i/i mm. in height. 

We found T-IV diphasic ten times ; in three of these, the two phases were 
of equal amplitude ; in six others, the negative phase was the larger, and in 
one, the reverse was true. One of our normals displayed a diphasic T-IV 
of low voltage (Pig. 1) with the positive phase first. It is possible, that to 
have significance, a diphasic T-IV must have an amplitude of more than 
2 mm., particularly when the ma.ior portion of the T-wave is upward. The 
presence of a diphasic T-IV could not be correlated with any particular 
feature in the other leads ; although there was one case in which the T-wave 
of all four leads was diphasic. The significance of a diphasic T-IV is 
uncertain. 

We found a deep T-wave in Lead IV four times. Twice there was elec- 
trocardiographic evidence of myocardial damage. A negative T-wave, 
9 mm. or more in depth, therefore should be viewed with susiiicion. 

Tentatively, in view of our comparatively small series, we are able to 
state that the following are abnormal T-waves : (1) a positive T-wavo, (2) 
a diphasic T-wave more than 2 mm. in amplitude and with the positive 
phase the larger, (3) a .shallow, broad negative T-wave with an amplitude 
of 1/4 mm. or less, (4) a deep negative T-wave with an amplitude of 9 mm. 
or more. Such T-waves in Lead IV are to be considered suggestive of the 
presence of myocardial damage. They are naturally less significant when 
they occur alone than when accompanied by other evidence pointing in 
the same direction. 

8-f Segment . — In eight cases there was a positive S-T deviation in Lead 
IV, a finding not seen in any of the control tracings. Therefore, a devia- 
tion of even a half millimeter above the isoelectric line should be viewed 
mth suspicion. Pom- of the eiglit tracings showed a positive deviation of 
1 mm. or more, and it was precisely tlicse four tracings that were associ- 
ated with negative or positive deviations of S-T segments of similar magni- 
tude m the conventional leads. The four tracings with positive S-T seg- 

convlttondllads. '=5' deviations in the 
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Two eases presented a negatiA^e S-T deviation wliicli we eonsidered sig- 
nificant, In both tile deviation was only 1.5 mm, but was associated with a 
positive T-wave. The three-lead electrocardiogram showed no S-T devia- 
tion. Both patients presented marked clinical and electi’ocardiogi'aphic 
evidence of myocardial disease. Other instances of negative S-T in Lead 
IV %vere found, but in no ease was the deviation more than 2 mm., and in 
all the T-wave was negative. 

A positive S-T deviation in Lead IV is abnormal when it is more than 
0.5 mm. A negative S-T deviation associated with a negative T-wave 
should exceed 2 mm. to be beyond the normal, and this we have not seen 
in this group. A smaller negative S-T deviation is abnormal only when 
the T-wave is positive. 

LEAD IV IN RECENT CORONARY OCCLUSION 

During the course of this studj', we reeoi’ded Lead IV in 11 cases of re- 
cent coronary occlusion. The 11 sets of tracings fell into three groups: 

(1) those Avith changes characteristic of coronary occlusion in Lead IV, 

(2) those Avitli an abnormal configuration of Lead IV of the t 3 "pe seen in 
other kinds of heart disease and therefore not specific for coronar.y occlu- 
sion ; and (3) those Avith Lead IV AAUthin normal limits. In any one series 
of records Lead IV might change from the characteristic t.ype of electro- 
cardiogram to the nonspecific abnormal configuration or to normal. 

Three types of specific changes AA'ere seen. The first, and most common, 
consisted of a posith'^e S-T segment folloAA'-ed bj^ a negative eoronaiy T-Avave 
Avhieh differed little from the normal T-AAmve. In succeeding records the 
S-T segment became isoelectric and the T-Avave became deeper and then 
shalloAver (Fig. 2), The second, seen tAAdce, Avas the inverted image 
of the first, consisting of a negath'e S-T segment folloAved bj’’ positrte coro- 
narj’’ T-Avave such as Avas recentlj’- described in the three-lead electrocardio- 
gram of Boluiing and Katz (Figs. 4A and 4B). The progression of this 
type Avas similar to that of the first. The third type, seen three times, was 
a diphasic T-Avave of large magnitude, the first phase of which merged Avith 
the descending and sometimes entirely negative S-T segment. The transi- 
tion between the negative and positive phase Avas abrupt, making the posi- 
tiA^e phase sharply peaked (Figs. 3A and SC). 

In two instances Lead IV of Ioav amplitude Avas associated with Ioav 
amplitude of the other leads and minor deviations of the S-T segment in all 
leads (Fig. 35). This type of tracing, if succeeding records show CAmn 
slight changes, Avould tend to substantiate the clinical diagnosis of recent 
coronary occlusion. 

On comparing Lead IV with the three-lead electrocardiogram we found 
tracings ; ( 1 ) in Avhich the characteristic changes occurred in all four leads 
(Figs. 2, SA and 35), (2) in which the characteristic changes occurred 
only in the three standard leads, and (3) in which the characteristic 
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cha-igcs occiuTod only in Load IV (Pigs. SC, 4A, 4B and 4C). It is bo- 
canse of this last group that Lead 17 sftouW U taken rontmchj m all 
cases of susvectecl recent coronary occlusion. Tins is the plan now fo - 

lowed at the Michael Reese Hospital. 

Lead IV varied in appearance in successive tracings when serial records 
were taken. This is shown in the illu.strations. Both the negative and posi- 
tive coronary T-waves passed through the classical series of changes (Figs. 


j JL HL TSr 



S®*’*‘1;1 electrocardiograms from a case of coronary occlusion Note tlie S-T 

illTads characteristic chafes in 


2, 4R, and 4C) ; although in one case, with almost inonophasie ventricular 
deflections in the standaiM leads, the negative T-wave became diphasic-in a 
later record, and the positive S-T segment became negative (Fig. 3A) . In 
one case a diphasic T-wave became negative in a later record (Fio-. 301 

appeared normal at one stage. In seve'ral in- 
stances QRS became monophasie and positive. 
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The progression of the changes in Lead IV did not always parallel those 
in the ordinary leads. Sometimes Lead IV changed less rapidly than the 
otlier leads, but nsually the reverse was true. Occasionally all leads pro- 
gressed in parallel fashion. 

I n nr nr 



Fig. 3. — Serial electrocardiograms from three cases of coronary occlusion. Note in 
A and B changes in all four leads ; in C changes only in Lead IV. Note in B low ' voltage 
in all four leads. 


While it is true that Lead W helps to explore the heart currents more 
thoroughly and that with it f eAver cases of coronary occlusion will be missed 
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cha^X’teHstfc chan|efonly'’fn coronary occlusion showliip 

P'ex in Lead IV of A with the I'ow amiAltmie of t) o «'»!> ‘Oide of tlio QRS co.n- 

3B, although the three-lead electro'ca^rS fn^ hot^i^la^n^c’^fifo^^lo^^^ln'pTit^.^^^ 
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witli fhe elecIrocardiogrRm, it is too early to hope that this lead will 
aid in tlic loealizalion of Ihc site of infarcllon, as Wolferth and ^Yood^ 
anticipated. 

SUMMARY 

1. Lead IV (Wolferih and AYood') noiannlly has an inverted or diphasic 
P-wave, a dii)hasic QRS, tlie first pliase of ndiieh is inverted, and an iji- 
verted T-wave resembling superficially Ihe negative coronary T-wavc. 
The charactcri.sties and limits of normal in our 25 ea.ses are di.scussed in 
detail. 

2. The time relationships of the dcflcetions of Lead IV are the same as 
those in the other leads. 

3. Lead IV can .separate fho.se eases in which low amplitude in the 
three-lead electrocardiogram is caused by change in the heart’s position 
from those due to intraventricular block or increased body shunting. 

4. Noticeable slurring and notching of QRS in Lead IV is to be regarded 
as abnormal and should be considered in the same light as slurring or 
notching in Leads 1 or II. There is no constant change in Lead IV in left 
axis deviation shift or left ventricular preponderance. A monophasic 
QRS in Lend IV indicates myocardial damage. 

5. The following arc abnormal T-wavos in Lead IV and suggest myo- 
cardial damage: (a) a positive T-wave, (b) a diphasic T-wave, taller 
than 2 mm. and with the positive phase the larger, (c) a shallow broad 
negative T-wave less than mm. high, (d) a negative T-wave deeper than 
9 mm. 

G. A positive S-T segmejit, a negative S-T segment of more than 2 mm., 
or any negative S-T deviation when associated with a positive T-^yave are 
indicative of myocardial involvement. 

7. The presence of any one of the abnormalities in Lead IV described 
above are to be considered in the same way as abnormalities of the QRS 
complex, S-T segment and T-wavc of the ordinary leads. They are less 
significant when they occur alone than when accompanied by other electro- 
cardiographic evidence pointing in the same dircetion. 

8. Three types of changes occurring in Lead IV are “specific” for re- 
cent coronary occlusion: (a) a positive “humped” S-T segment with a 
negative corenaiy T-wave, (b) a negative “ humped ” S-T segment with a 
positive coronary T-Avave, (c) a diphasic coronary T-Avave Avhich is tran- 
sient. The first tAvo types pass through the usual sequence in a series of 
records described for other leads. The progression of changes in Lead 
IV in a series of records is not aLvays parallel to that in the ordinary 
leads. Often the changes progress most rapidly in Lead IV. 

9. While Lead IV may shoAv no abnormalities, or only nonspecific types 
of abnormalities in recent coronary occlusion, there are in the five cases re- 
ported by Wolferth and Wood^' ” and the 11 reported by us, a sufficient 
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number of eases (7 out of 16) in which the specihe changes occurrea only 
in Lead IV. Therefore, Lead JV should he iahen routinely in all cases of 
suspected recent coronary occlusion. 
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THE ETIOLOGY OP HEART DISEASE IN WHITES AND 
NEGROES IN TENNESSEE^' 


Clarence L. Laws, j\LD. 

Atlanta, Ga, 

' j 'HE diagnosis of “heart disease” does not eonvej^ an idea of the 
* nature of the disease process, because the underlying’ etiology varies 
and is sometimes multiple. Obviously, tlie first step in the develop- 
ment of a program of prevention of heai’t disease is the acquirement of 
knowledge of the etiological factors involved. These factors have been 
found to vary with the geographical location, race, climate, and mode 
of life. 

Studies of large groups of patients with heart disease from the point 
of view of etiology have been i-epoi-ted in this country by White and 
Jones,® Wood, Jones, and Kimbrough,® Davison and Thoroughman,- 
Goffen,^ Stone and Vanzant,^ Viko,® Schwab and Scliulze,® and others. 
Such studies liave a twofold value; tliey add to the accumulated data 
conceniing the etiologj’’ of heart disease, and tlicy also enable local 
groups to visualize their particular problems. TJie study reported Jicre 
was initiated with these two objectives. 

The patients studied were those admitted to the wards and out- 
patient department of the Vanderbilt University Hospital during the 
calendar years 1930 and 1931. This group includes both whites and 
negroes and represents diveree economic levels. A study of such a 
series, therefore, not only affords infomiation conceniing the incidence 
and etiology of heart disease in the general population of Tennessee 
but also offers an opportunity to compare these findings in the white 
and negro races. 

During the two-year period 16,935 new patients were admitted to 
the various divisions of the out-iiatient departmcjit and tlic liospital. 
Of this number 11,198 (66.2 per cent) ivcre whites and 5,737 (33.8 per 
cent) were negroes. This ratio closely approximates the racial per- 
centages in the vicinity of Nashville. From these patients wci’e selected 
all those who exhibited definite objective evidence of heart disease. 
These numbered 645, and each of them showed one or more of the 
following evidences of cardiac disease: unequivocal cardiac enlarge- 
ment, eongc.stive heart, failure, mitral .steno.si.s, aortic insufficiency and/or 
stenosis, congenital abnormality, auricular fibrillation, auricular finite)’, 
heart-block (electrocardiographic evidence), coronary occlusion, a)igina 

♦From the Department of Medicine of tlic Vanderbilt Univorsit.v Medical School. 
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,,AWS: „EAI.T MSEASE .K 'VniTlS ANO NEGHOES 000 
peotovi., pcvicaraUi. (acute of ehvouic). hac.erinl euclocarcWia, an- 

record meludod a l.islorj-, a pl.ys'cal „r„eeduros. 

rriiaSf tf r .e« 

eSuinatio.,’ On t1,e .-a.us of at. avattat-.e -f'’'-'-''"’; 
was classified cliolo!-,ncally. or placed m the unelassifud - ’ 

adequate evidence was lackiufr. Tlie classification used 
for the classification are the ones proposed hy ^^hltc 
ceitain modifications, whicli consist, mainly of a eonsohdatum of tie 
hvneHensivc and arleriosclerotic ixroups of heart disease e foui 
it impossible to separate these "voups of cases with any de-rireo of ac- 
curacy. A large percentage of the.se who showed definite arterio.selerosi.s 
had hypertension, and some of those with arteriosclerosis and eavdiae 
hypertrophy who did not have an elevated blood iire.ssure when ol>- 
.sorved may well have had it in tlie past. In eacfii instance of mixed 
etiology, if tliere Avas not an etiological factor wbieb was clearly dom- 
inant, the ease was grouped with those of doubtful or unknown etiology 
under the heading '‘Unclassified.*- The mnnher .so placed was .small 
and does not .serve to alter appreciably the percentages in the other 
groups. 

UKSUi/rs 

I. Jiicidcacc.— Table T roflcets the iiicidenee of organic heart disease 
among the 16,935 patients admitted. The total iueideue.e of 3.S ])cr cent 
is of less .significance than the difference in the incidence in the two 
race groups. Four and nine-tenths ])er cent of the negroes seen hut 
only 3.3 per cent of the whites had heart disease. 


Tabi.k I 


Incidenck or Oucanic Heaut Pi.sease is .lO,!).'!;") Patiekts 


Piitients AQmittod to Wards and Out-Pnlicnt Popartnicnt 

Percentage 




of total 

Wiiitc 

11 , ins 


G().2 

Negro 

5,737 


33.S 

Total 

1(5,935 


100.0 

Organic Heart Disease Among the Group 


Porcentage 




of racial 


White 

3G5 

group 

3.3 


Negro 

2S0 

4.0 


Total 

G45 


3.S 
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II. Occurrence of Eiiological Types . — In Table II are summarized the 
etiological factors in our 645 cases of lieart disease and their relation 
to ago groups and race. In general these data indicate that arteri- 
osclerotie-lij^pertensivo disease (67.9 per cent), the rheumatic fever 
complex (10.5 per cent), and syphilis (7.9 jicr cent), together cause 
86.3 per cent of the heart disease observed in the Vanderbilt Uni- 
versity Hospital, They also emphasize that while heart disease due 
to arteriosclerosis and li.rijertemsion occurs with almost equal frequency 
in the white and negro races, rheumatic lieart disease assumes a fre- 
quency in the white race similar to the frequency of syphilitic heart 
disease in the negro. This la.st point is borne out by the figures col- 
lected (in Table III) from various clinics having the opportunity to 
compare large groups of white and neg’ro patients, 

a. Arteriosclerotic-H.ypei‘tensivc Heart. Disease. This group includes 
438 patients (67.9 per cent of the series). It is thus numerically much 
the most important group. This type of heart disease affects 71.8 
per cent of the negro patients and 65.1 per cent of the white. The 
most constant physical finding in this group is cardiac hypertrophy, 
which was present in 95.9 per cent of our cases. In 59.2 per cent of 
the -438 patients, teleroentgonograms were made. Electrocardiograms 
in 226 cases revealed auricular fibrillation in 28 (6.4 per cent of the 
group), bundle-branch block in 15 (3.4- jicr cent), and signs usually 
ascribed to coronaiy occlusion in 5 (1.1 per cent). All the 19 cases of 
angina pectoris which were seen during the period under review had 
definite evidence of arteriosclerotic-hypertensive heart disease, and have 
been included under this classification. Although 201 negroes are in 
this etiological group, only 3 of them had angina, pectoris. Ninet.Y-si.\’ 
(21.9 per cent) of the patients in this group were a.t least 20 per cent, 
overweight. 

b. Kheumatic Heart Disease. This group of 68 patients (10.5 per 
cent of the scries) includes 15.3 per cent of the ca.ses of heax't disease 
in the white race and only 4.3 per cent of the cases in the negroes. The 
valves involved were as follows: 

Mitral alone 44 

Aortic alone 3 

Mitral and aortic 21 

In no instance was the diagnosis of adhesive pericarditis made. Electro- 
cardiograms of 52 of the cases revealed: auricular fibrtllation in eight 
instances, vaiying degi’ees of heart-block in three, and nodal rhythm 
in two. 

c. Syphilitic Heart Disease. Of the 51 patients (7.9 2 ier cent of the 
series) who had sy])hilitie heart disease, 43 were negroes. This type 
of heart disease accounted for 15.4 per cent of the negx'o cases, exactly 
seven times the frcquexiey with which it was encountered ixi whites 
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LAWS : 


heart disease in whites and negroes 


(2.2 por cent). The malted prepondcranee ol sW^tic teart dismo 
in males of both races bears out previous studies,- • The oaidia 


lesions were as follows; 

Ao'rtio insufficiency 
Aortic insufficiency and aneurysm 
Aneurysm alone 
Myocardial lesions 


30 5S.S per cent 

10 19.G per cent 

S 15.7 per cent 

3 5.9 per cent 


Electrocardiograms in thirty cases revealed two with 


hiiiidle-hraneh 


block. . , , 

The presence of arteriosclerosis and systolic hypertension among this 

group was a frequent finding as shomi below: 


Hj’portcnsion and arteriosclerosis 
Hypertension without manifest arteriosclerosis 
Arteriosclerosis without hi’pertcnsion 
No hypertension or arteriosclerosis 


51 


A systolic hj^iertension was observed in thirty-two of the fifty-one pa- 
tients in this group, but in only eight of these thirty-two cases ivith 
hypertension was the diastolic piessure above 90. These eight un- 
doubtedly represent a mixed type of etiology with tlie liypertensioii 
playing a role in the disability, but from careful study of tlie patients 
the principal cardiac damage can be attributed to the luetic infection. 

Substenial pain was a frequent symptom in the patients of this 
group, but not one of them gave- a liistoiy typical of angina pectoris. 

d. Miscellaneous Types of Heart Disease. The remaining types of 
heart disease were .so limited in number as to funiisli little of statistical 
interest, aside from thcii* ratio to the total number of cases of heart 
disease. 


III. Rttcwl Comjmrison . — The data in Table III, a summary of 2,235 
cases of heart disease in the negro and 1,542 cases in the white race, are 
all dra.mi from published statistics collected in soutliem hospitals and 
dispensaries. The first group was cominled by Stone and Vacant from 
patients seen in Galveston, Texas; the second by Davison and Thorough- 
man in Atlanta, Georgia; the third by Wood et al. in Eichmond, AGr- 
ginia; the fourth by Schwab and Schulze in Galveston, Texas; the 
fifth is our series. The criteria for diagnosis were essentially the same 
in all. 


It is at once apparent that in the negroi race the two main causes of 
heart disease are arteriosclerosis-hypertension and syphilis. Both of 
these processes are primarily vascular, so that it appears reasonable to 

suppose that the vascular system of the negro is susceptible to attack 
by disease processes. 

In additio,! to the diftemiccs in the incidence of etiological factors 
m the two races, the negro develops heart disease at an earlier age, 
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on the average, than the white. Fig. 1 shows graphically the abrupt 
rise in the incidence of arteriosclerotic hyperteiisive heart disease in 
successive age groups in the negro race as compared with the more 
gradual ascent and decline in the while race. Stone and VanzanF have 
prepared a similar chai't in their study, and the difference is even more 
striking. Likewise, in the incidence of syphilitic heart disease, the 
negro race shows a tendency to reach a peak at lea.st a decade before 
the white race. It is time that the number of white patients with 
syphilitic heart disease in our series is too small to furnish comparable 
statistics, but analyses by White and Jones" and Viko" of syphilitic 
heart disease in their communities funii.sh figures whieli may be com- 
pared with our studies of the negro, and bear out this contention. 

Angina pectoris is rare in our negro patients. Substeimal pain is not 
an uncommon complaint with them, but the typical attacks of par- 
oxysmal pain so characteristic of angina pectoris are seldom found. 



Fig'. 1. — Arteriosclerotic hypertensive heart disease, age incidence. 


Rheumatic fever, subacute bacterial endocarditis, and miscellaneous 
infectious processes are much less common causes of heart disease in 
the negro. The statistics furnished in Table III indicate that such 
types of heart disease are at least two or three times as common in 
the white race. 

It is apparent that heart disease in the South differs somewhat in 
etiology from heart disease in other parts of the United States. The 
large negro' population, with its increased incidence of syphilitic heart 
disease, and the comparative infrequency of the rheumatic infection 
make our appi’oach to the preventive program somewhat different from 
that advisable in other sections. The gx'oalest single cause, arterio- 
sclerosis-hypertension, remains, however, as a universal problem. 

SUMMARY AND CONCLUSIONS 

1. Six hundred forty-five eases of organic heart disease were studied 
with reference to etiology, I’acial distribution, sex, and age. 
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nr.AUT niSKASK in WIHTI'S and NIXniOKS 


fiin 


2. Organic licart disease occurred in 4.9 jier ccnl of all negroes com- 
ing 1o the Yanderbill. University ITosjiital and Out-Patient Dejnirtment 
in 3930 and 3931, and in 3.3 per cent of tlie whites. The incidence in 
the negro race wa.s tlu'vefore 3.5 times greater than in the white race. 

3. Arteriosclerotic hypertensive heart di.sease accounted for 05.3 jier 
cent of the cases in the wliite race and 71.«S per cent in the negro race. 
Eheumaiic heart disease formed 35.3 ])er cent ol the eases in the whites 
and only 4.3 per cent in the negroes, while syjihilitie heart. dis(‘ase 
was .seven times more common in the m*gro than in the while, 1:).4 
jicr cent and 2.2 per cent respectively. 

4. Comparative statistics from various sources .show that the etiology 
of heart di.sease varies somewhat in difl'orent sections of the United 
States. Therefore, the ])rohlems of the jm'vention of heart di.sease are 
not identical in all jiarts of the United States. 
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THE SILHOUETTE OP THE PIEART AND THE AOETIC ARCH 

Orthodiagraphic jMeasurements 

Joseph H. B.vinton, M.D. 

New York, N. Y. 

TRANSVERSE DIAMETER 

T O ESTIMATE tlio size of the human heart various measui’emeuts 
have been sug’gested; principally, the transverse diameter of tlie 
frontal plane at its widest points, the combination of different diam- 
etei’s and the surface area of the frontal plane. The transverse di- 
ameter is the measurement most commonly employed. It is practicahle 
because it can be obtained in a few seconds, requiring only ordinary 
care and no special skill. It can be accurately measured only by ortho- 
diagraphy. 

The validity of the transverse diameter as an index of the heart’s 
size is attested by the work of Bardeen,^ of Hodges and Eyster,- of 
Bedford and Treadgold,® of Treadgold and Burton,^ and by my ovm 
work.® 

Standards . — Inasmuch as normal hearts vary considerably in size, 
such a measurement udll have A^alue if it can be establislied that it is 
liot haphazard, but that it beai*s a constant relation to some standard 
which is adjustable to normal variations of size. Several standards, all 
based on the phj'^sical characteristics of human beings, have been pro- 
posed for estimating or predicting what the transverse diameter of the 
heart should be in any normal individual. 

In a previous paper® the accuracy of Hodges and Eyster’s prediction 
formula^ and that of cardiothoracic ratio^ were tested by comparing the 
actual diameters obtained by orthodiagrams with the estimated noimal 
diameters in 100 “noncardiac” males and 75 “noncardiac” females. 
For females an adjusted standard which is 0.8 cm. smaller than the 
male prediction figure was used. 

Standards based on weight, on body surface area and on height 
are now added. To obtain the weight .standard the subjects were ar- 
ranged in groups, each group comprising individuals weighing Arithin 
5 Idlogi'ams of each other. The average transA'^erse diameter for a group 
Avas used as a standard, and the difference betAveen this figure and the 
actual transverse diameter of each individual heart in the group Avas 
considered the variation Horn the standard or predicted diameter for 
that case. Tliis is the method used by Treadgold and his associates.®’ * 
To obtain the body surface area standard, a similar plan used by 
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Kissanc^’ was adopted, taking 0.1 square meter as tlie range of measure- 
ment for each grouj). Individuals Avithin 2.0 cm. of each other formed 
the groups for getting the height standard. 

Table I presents the comparathm merits of eacli prediction method 
by shoAving the percentage of eases A\’hose actual transverse measure- 
ments are Avitliin 0.5 cm. of the predicted diameter, of those witliin 
1.0 cm., and also the percentage of those that are Avider by more than 
1.0 cm. In the last column the average variation of the actual from 
the predicted dianieter is recorded. The 100 nonnal male hearts are 
used in making the comparison. 


Table I 

The Actual Transa'Erse Diameter 



AVITHIN ± 0.5 CM. 
OP THE PREDICTED 

DIAMETER 

PER CENT 

AAHTHIN ±1.0 CJI. 
OF THE PREDICTED 

DIASIETER 

PER CENT 

LARGER BY 

JIORE THAN 
1.0 CM. 

PER CENT 

AVERAGE 

A’-ARIATION 

CM. 

Hodges and Eyster 
formula 

G1 

85 

6 

0.53 

tVeiglit 

51 

86 

10 

0.61 

Body surface area 

47 

72 

13 

0.73 

Heiglit 

34 

61 

20 

0.94 

Cardiothoracic ratio 

28 

60 

17 

1.00 


The figures in this table indicate that Avhile the formula of Hodges 
and Eyster is not perfect, it is a better criterion than any of the others. 
According to the aAmrage Amriations found it is superior to the Aveight 
standard by 15 per cent, to the standard based on bod}'^ surface area 
by 37 per cent, to the height standard bj’- 77 per cent and to the cardio- 
thoracie ratio by 90 per cent. Treadgold and his associates acknoAAdedge 
the superiority of Hodges and Eyster ’s formula, but consider the Aveight 
standard as used by them a satisfactory guide for clinical inirposes. 
They seek to improve the Aveight standard by adding to the estimated 
transAmrse diameter AAdien the Aveight of an individual is above the 
a.verage for liis physique and by subtracting from it Avhen the height 
is above the average. Tliis is the fundamental principle of Hodges 
and Eyster ’s fomiula Avherein the predicted diameter is directly pro- 
portionate to Aveight and hwerscly proportionate .to height. My OA\ai 
data on the actual diameter in both male and female hearts are gen- 
erally in accord Avith this principle. 

If the transverse diameter of a normal heart is directly proportion- 
ate to Aveight and inversely proportionate to height, then it MIoaa^s that 
a prediction figure based on body surface area is untenable as a stand- 
ard because body surface area is directly proportionate to both height 
and Aveight. The comparative figures in Table I substantiate this con- 
clusion. 
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It is rather surprising tiiat tlic cardiotlioracic ratio wliieli ]ias been 
so universally employed as a guide in judging the size of the heart 
should prove to be the poorest standard of all those considered. 

Enlargement ^- — Hodges and Eyster concluded that the chances are 
three to one in favor of pathological increase in size of the heart when 
the transverse diameter is wider than the predicted diameter by more 
than 0.5 cm. Eyster evidently considered such a limitation of the 
nomial too narrow, for he lateH expressed the opinion that a heart 
was enlarged when its transvei-se diameter exceeded the predicted di- 
ameter by more than 10 per cent. This conclusion apparently is based 
on data from two series, each 100 normal eases, in the first® of Avhicb 
only three hearts exceeded this measurement and in the second® only 
eight heails. In only 5.5 jier cent of 200 normal eases, therefore, did 
the transverse diameter exceed the ])redieted diameter by more than 
10 per cent. Bedford and Treadgold® submitting a group of 116 normal 
cases to Hodges and Eyster ’s formula found only 4.3 per cent with an 
increase of more than 10 jicr cent. 

In my own scries of 175 case.s-"' the actual increase in size instead of 
the percentage was used. Seven cases or 4 per cent had a transverse 
diameter Adder than the predicted diameter by more than 1.0 cm. 
There is no difference betAveen 1.0 cm. increase and 10 per cent increase 
in a heart Avhose transverse diameter is 10.0 cm., and in a heart of 
average size the differeiAce is too small to be of any practical impor- 
tance in ordinaiy clinical Avork. 

As a result of these separate oi’thodiagraphic studies on the trans- 
verse diameter of 491 normal hearts, one is in a position to establish 
a line of demarcation betAveen nonnaJ and enlarged hearts. TAventy- 
three hearts, or a little le.ss than 5 per cent, had a tx’ansAmrse diameter 
either 10 per cent or 1.0 cm. AAuder than the ixredicted diameter, and 
it is therefore fair to conclude that Avhen a heart is found Avith this 
degree of increased size the chances are over 95 per cent in favor of 
such a heart being pathologically enlarged. 

As a definition of c.nlargemciit this criterion applies only to hearts 
preAdousl}^ normal in size, because an abnormally small heart may in- 
• crease considerably in Amlume before its transverse diameter is 1.0 cm. 
larger than the predicted figure. 

Table II presents an arrangement shoAAdng the Amriation of the actual 
transverse diameter from the predicted diameter according to formula 
of Hodges and Eyster in 175 normal individuals contrasted Avith 471 
abnoiTnal cases, the latter being divided as folloAvs: 44 Avith functional 
disturbance but Avith no evidence of stiaictural change, 70 in AA^hom 
the diagnosis Avas uncertain and therefore called possible heart dis- 
ease^® and 357 Avith organic heart disease. 
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The measurements of 84 cases of the total 646 have been omitted 
from tlie table because the transverse diameter was smaller than the 
predicted diameter by more than 0.5 cm. They are divided as follows: 
normal 41, noncardiac with functional disturbance 8, possible heart dis- 
ease 12, and pathological group 23. , All subjects were ambulatory. 

Table II 

The Actual Transverse Diasieter 


CASES 


Normal 


175 


Noncardiac T\'ith func- 
tion distu rbance 44 
Possible heart disease 70 


Pathological 357 

1. ThjTotoxic 11 

2. Hj^pothyroid 2 

3. Cardiac insuffici- 

ency 12 

4. Mitral stenosis 39 

0. Mitral stenosis 

and insufficiency 29 

0. Mitral insuffici- 
ency 27 

7. antral and aortic 
disease 34 

5. Luetic Aortitis 9 

9. Coronary sclerosis 

witliout hyperten- 
sion 52 

10. Coronary sclerosis 

with hypertension 45 

11. Sclerosis of aorta 

with hypertension 33 

1- Sclerosis of aorta 
witliout hy2)erten- 
sioji 23 

I'*. Essential hyperten- 
sion 52 


1 otal Patliological group 


■within ± 0.5 CM. 

• OF PREDICTED 
DIAJIETER 

WIDER THAN PRE- 
DICTED DIAMETER 
BY MORE THAN 0.5 
CM. BUT LESS THAN 
1.0 CM. 

"WIDER THAN 

THE PREDICTED 
DIAMETER BY MORE 
THAN 1.0 CM. • 

CASES 

PER CENT 

CASES 

PER CENT 

CASES 

PER CENT 

106 

60.5 

21 

12 

7 

4 

2S 

63.5 

6 

13.6 

8 

4.5 

27 

3S.5 

15 

21 

16 

23 

0 

45 

2 

IS 

3 

27 

0 

0 

0 

0 

2 

100 

1 

11 

8 

28 

1 

11 

8 

28 

9 

14 

75 

36 

4 

14 

0 

0 

24 

83 

6 

22 

4 

15 

16 

54 

1 

1 

3 

11 

2 

2 

6 

22 

31 

6 

91 

66 

17 

33 

9 

1.7 

17 " 

33 

17 

38 

4 

9 

24 

53 

0 

6 

5 

15 

24 ■ 

73 

4 

30 

2 

15 

6 

46 

14 

S3 

27 

23 

10 

52 

20 ■ 

14 

23 

199 

44 

56 


queutly so, 27 to 45 i)cr cent in sucli om Tf ^ this is fro- 
st onosis, coronary .sclerosis, bolli with mitral 

os-scntial hyiiertonsion. There are coi -1 ^lypertension, and 

1)0 considered in the interpretation of thr p''"’ 

]>athologieal cases the absence of inero f .In many of the 
)-onl. For purposes of this stiSrlr'r''- 
Poosent when the blood pressure was oVer UO/qn''"'' «°»«idered 

«garfless of 

lOL cuastolic pressure, 
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or the diastolic pressure over 100 mm. regardless of the sj^stolie pres- 
sure. Using this criterion no eases of hypertension could escape de- 
tection, hut at the same time some patients, seen hut once, may have 
had only a temporary rise of pressure due to the excitement of the ex- 
amination. It is possible that this condition maj^ account partlj’’ for the 
normal range in size in some cases of hypertension. 

It is also possible that a few of these pathological hearts may have 
been unduly small before the advent of disease and as a result of dis- 
ease may have increased considerably in size and still be included within 
the confines of the normal or borderline measurements. For example, 
a heart winch in health was 1.0 cm. smaller than the normal range would 
have to increase its transverse diameter by more than 2 cm. before it 
could be included in the gi'oup of large hearts. Fortunately changes in 
contour often will indicate that tlierc is enlargement of the heart or 
of some of its chambers regardless of the actual measurements. How- 
ever, this study has been eonceined not with enlargement as such, but 
only with the significance of size in hearts whose transverse diameter is 
larger than the predicted by more than 1.0 em. 

With these reservations in mind it is reasonable to expect that in 
any mixed group of pathological cases 56 per cent of the hearts will 
be found enlarged as against 4 per cent of the normal cases, while 44 
per- cent will not show that increased size as against 96 per cent of 
normals. The 44 noncardiae patients with functional disturbances, but 
with no evidence of structural disease, have hearts with approximately 
the same measurements as normal individuals, an agreement which is 
consistent with the diagnosis. In Class E (possible heart disease) 23 
per cent of hearts are in the large group, as against 4 per cent of normal 
hearts and 56 per cent of pathological hearts, indicating some justifica- 
tion for the unsatisfactoiy designation of possible heart disease. 

WIDTH OF AORTIC ARCH 

The frontal plane of the so-called base of the heart forms a shadow 
under the x-ray which includes the ascending aorta and arch, the pul- 
monaiy arterj’- and at times the first part of the descending aorta. 
The outline is usually delineated with ease in an oiUiodiagram from 
which exact measurements can be made. Such measurements have a 
limited value, but maj’- be useful in providing infonnation about the 
variations in size in that part of the silhouette which is produced by 
the ascending aorta and arch. For this purpose one of thi'ee different 
measurements has been employed. 

One measurement near the toi> of the arch is made from the farthest 
point on the left of the aortic laiob to the farthest point on the right at 
which the aortic shadow is visible at this level (h and c in Fig. 2). Aside 
from the difficulty of visualizing the right border of the aorta at this 
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lOM 



Fig. 1. — Normal female, aged twenty-five years, weight 57 kilo., height 154 cm. 

A, Orthodiagram, anteroposterior position: TD 10.4 wklth^of *m-eai 

width of aortic arch (a + l>) 4.5 cm., (average normal width 4.6 cm.) , iMflth of gieat 

vessels a + d. 

B, Orthodiagram, right oblique position; diameter of ascending aorta (As) cm. 


A B 



•..4.' Orthodiagram, anteroposterior position; TD 16.7 cm. (Predicted TD 13.5.); 
width of aortic arch (o + b) 8.6 cm. (average normal width 6.1 cm.) ; line of measure- 
awta 'JPP®*' border of arch, b + cj width of gi'eat vessels a + d + oy Ds, descending 


B, Orthodiagram, right oblique position; Diameter of 
Ds, descending aorta. 


ascending aorta (As) 4.2 cm. ; 


arch. If the ascending' aorta passes diagonally beneath the sternum, the 
measurement will be mneh smaller than if the course of the vessel is 
more vertical. -.This is seen in Fig. 2 A where there is considerable iu- 
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crease in the width of the shadow produced by the ascending aorta and 
arch, while the measurement of & + c which is 6.3 cm. would indicate 
that the size of the silliouette is normal. 

A second measurement is called the diameter or 'vvidth of the great 
vessels. In Figs. lA and 2A this is represented by the lines a and d, 
the shadow being produced by the ascending aorta and pulmonary 
artery which lie side by side at this point. The shadow cannot be sep- 
arated into the two component parts, and, if there he increase in size, 
it is imjDOSsible to tell from tliis measurement whether an abnonnality 
in the aorta or pulmonaiy artery is responsible for the enlargement. 
In Fig. 2A the line a, d and c represents the width of the same two 
vessels in addition to that pai-t of the descending aorta which can be 
visualized. Lying in a deeper vertical plane the silhouette of the de- 
scending aorta is easily identified. It is usually seen only when there is 
tortuosity or dilatation of the descending aorta, hut inasmuch as the 
complete width of the vessel is never visualized in this position, any 
measurement of the shadow is quite valueless. 

The measurement chosen for tliis study is that suggested by Vaquez 
and Bordet^’^ which they call the transverse diameter of the arch. 
i\Ieasurement is made from the midstenial line to the farthest point on 
the right of the ascending aorta and to the farthest point on the left 
of the aortic Imob (a and h in Figs. 1 and 2). The sum of these two 
measurements represents the width of the aortic arch. It is actually 
the base of an arc fonned by the outer margins of the shadows of the 
ascending aorta and arch. 

In making an orthodiagram of the width of the aortic arch care 
must be exercised to differentiate the ascending aorta from the supex'ior 
vena cava. The former almost always shows a border which is more or 
less convex, the latter a border which is straight in the lower part and 
usually slightly concave in the upper part. Occasionally the ascending 
aorta is completely hidden Ixy the bony sliadows of the sternum and 
vertebral column. 

This measurement of the basal silliouette is not a measiu’ement of 
anj^ one structure. It is r^eally an index of the size of the cuive pro- 
duced by the shadows of the ascending aorta and arch and has a value 
only if it can be shomi that it is fairly constant in noi-mal individuals 
and is subject to change in dimensions under the influence of abnoimal 
conditions of the vessel. 

Table III presents the measurements obtained from' normal indi- 
viduals. 

Table III shows the average width of the aortic arch. in 178 adults 
according to sex and age. The figures of Vaquez and Bordet^^ are 
added for comparison. Tiie table indicates that the sliadow has a wider 
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TABliE III 

Width of Aoutig Ancu 


normab mabes 


AGES 

CASF.S 

AVERAGE WIDTH 

extoemes 

boubet 

17-19 

20-29 

30-39 

40-49 

50-59 

9 

24 

21 

25 

14 

CM. 

4.6 

5.2 

5.5 

5.7 

G.l 

4.0 to 5.0 

4.2 to 6.6 

4.3 to 6.4 

4.S to 6.7 

4.7 to 7.0 

CM, 

I to 5 

5 

5 to G 

5.5 to 7 

6 to 7 


93 







NOUMAB FEMABES 


16-19 1 

20-29 

30-39 

40-49 I 

50-59 

11 

31 

24 

13 

6 

4.3 

4.6 

5.0 

5.1 

5.6 

3.8 to 5.2 

3.9 to 5.5 

4.0 to 6.2 

4.4 to 5.7 

5.1 to 6.1 



85 

• 




iReasuTenieiit in men than in ■women aiul that its size gradimli^ inci cases 
Avitli age. 

Table IV shows the niimhei- and percentage of these nonnal cases 
having a widtli of the arch within 0.5 cm. oJ. the average measiiremcnt 
and also the number and percentage of lliose whose measurement ex- 
ceeded the average by more than 0.5 em. 


Tabbf. IV 


Variatiok Fuo.m the Average Aortic Arch Width 




WITHIN 0.5 CM. OP AVERAGE 
WIDTH 

CASES PER CENT 

MORE THAN 0.5 CM. GREATER 
THAN AVERAGE WIDTH 

CASES TER GENT 

Normal males 

93 cases 


71 

76 

11 

12 

Normal females 

85 cases 


67 

78 

12 

14 

Total 

178 

138 

77 

23 

13 


, According to tliis table m 77 per cent of these cases the width of the 
aortic arch was ndthiu’ 0.5 cm. of the average vddth for each group ac- 
cording to sex and age. In 13 per cent the nddtli of the arch u'as 
greater than the average by over 0.5 cm. The remaining 10 per cent, 
were smaller by more than 0.5 cm. and are not tabulated. 

It is to be expected that there will be an increase in the width of the 
arch in a short heavy individual who has a. high diaphragm whicli 
tends to push both the heart and the aorta, upward. Displacement of 
this kind will cause a ydder sweep in the curve of the first pa.id of the 
aorta and therefore a greater mca.surement without a necessaiy chano-c 
lu the caliber of the vessel. Of the 23 . cases witli the increased width 
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of move than 0.5 cm. 14 were appreciably 
were sliort in stature. 


overweiglit and 10 


of tlie.S(> 


Inasmuch as only 13 per cent of normal subjects show a. measure- 
ment of tlio shadow of the aortic areli whicli exceeds tlie average for the 
group according to sex and age by more than 0.5 cm., it seems fair 
to conclude that 87 per cent of individuals presenting this degree of 
increase in size have an enlargement of the silhouette which is due to 
pathological change. If the short Ihiek-set individuals could be ex- 
cluded, the prediction figure would be improved. 


It would be rather premature to suggest that these figures establish 
a standard. The final value of such data and the validity of the con- 
clusions may be detcmiined by the examination of a largm- number of 
normal controls and by comparison with groups of pathological cases. 

An interesting comparison is made with a group of patients having 
mitral vah’-e disease, a condition in v.'hieh one does not expect to find 
any structural change in the aorta. Ninety-five such patients were 
examined. In 21 eases the measurement could not be made either 
because the ascending aorta was obscured or because the contour of 
the left portion of the arch in many cases of mitral disease is such that 
the farthest point to the left of the arch shadow cannot be detemined 
w^th exactness. In 74 cases in which the shadow could be measured 55 
(74 per cent) had a width within 0.5 cm. of the normal average and 
9 (12 per cent) were wider by more than 0.5 cm. In 10 eases the 
measurement was smaller than the noimal average by more than 0.5 cm. 
These figures are practically the same as in the normal group. 

Comparison of tlic normal with groups of pathological cases in which 
an enlaiged basal shadow is Icnomi to occur witli fair freguency is 
shomi in Table V. 


Table V 


COMPAKISON OF NoKMAL AND PATHOLOGICAL CASES 

MALES AND FEMALES 

WITHIN 0.5 CM. OF 
AVERAGE AVIDTH 

GREATER THAN AVER- 
AGE AVIDTH BY MORE 
THAN 0.5 CM. 

CASES PER CENT 

OASES PEE CENT 

Normal 178 cases 

Pathological 138 cases 

Essential liypertension 

Hypertension and art. sclerotic aoi-ta 
Coronary sclerosis, no hypertension 
Luetic aortitis 

138 77 

47 34 

16 33 

4 21 

19 53 

1 12.5 

23 13 

81 59 

29 60 

15 79 

13 36 

7 87.5 

Hypertension, all causes | 27 29 | 

61 65 


In 10 pathological and 17 noimal subjects the measurement Avas 
smaller than the aAm^age by more than 0.5 cm. 

There is another significant fact not included in Table V. Of the 
23 normal cases which are larger bj’" more than 0.5 cm. only two, or a 
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little over 1 per eot.l, oil tlie lol.it, liiive .iti (iorli(( widHi P'-ciiter tlraii 
the nvettp-e bv move llm.t l.H e,n. Whcro.s h, Ibe poIlK.lorneal Sro.tp 
Ihcvc avo'rin eosos, or 43 per eenl of Ibo loliil, sliownii; Him tlepree ol 

increase in Avicllli. 

No attempt, lias been made, to eoinpaj-e tlie. normal and tlie }>atho- 
losdcal sbadoNYS in subjects over sixty years old, because it seems im- 
possible to decide wbat deu;ree of arteriosclerosis is ecmsislent natb 
normal health in people of this a^m. In 2(i men at this time of life 
n-ilhont evidence of hyiiertension the average uidtli of the arch shadow 
was 6.7 cm. with extremes from 5.0 cm. to 0.0 cm. Tin; average width 
in 23 men with byjiei-len.sion wa.s 7.2 cm., the extremes beiiii? o.1 cm. 
and 9.4 em. 

There are four conditions in wbieb the size of the basal silluniette 
is increased; syphilitic aortitis, aortic insunicicncy, a)-lerio.sclerosis of 
the aorta, and hypertension. The .structural chanire rc'sponsibh' for tin' 
incrca.se in the shadow is cither dilatation or displacement of the aorta 
or both of these factors combined. Dilatation of the asetmdinp: aorta 
or arch cannot, be estimated in the. frontal ])osition. An orlhodiaiiram 
of the a.scending aorta in the rijilit oblique position or of the a.seend- 
ing aorta, and arch in the left obli(|ue position will enable om* to measure 
the diameter of the vessel, hhg. ]7i shows the a.s(>endin<i aorta in the 
right oblique imsition in a normal female subject aged t woity-tive 
yeans. The aortic diameter is 2,3 cm. Fig. 27/ is an orthodiagram of 
a dilated ascending aorta in the right oblif|ue ])osition in a i)alient 
ftfty-hve years of age with arterios<devotic and hypertensive heart dis- 
ease, the diameter of the vessel being 4.2 cm. Vaquez and Bordet” 
give 2.0 em. as the noimal diameter of the a.scending aorta in men at 
twenty years of age, with a gradual increase to 3.0 cm. in old age. 
Qnain’s Amiiomy gives 2.8 cm. as the diamctei- of the a.scending aorta 
in adults and .states that “the capacity and the thickness of the walls 
of large arteries increase gradually Avilh advancing year.s.” 

Unfortunately the shadow of the aorta, in the obliciuc positions is 
often too much obscured to be clearly delineated in an orlhodiagram. 
When one has to depend upon the shadoAv of the frontal plane "only, 
the diagnosis will be ba.sed not. on, tlie changes in the shadow only, but 
on the additional evidence obtained from the history and physical ex- 
amination of the patient,. 

Arteriosclerosis of the aorta Avithout dilatation of the. vessel mav cause 
an increase in the width of the basal .shadow in the anteroposterior posi- 
mn because of the fact that the course of the elongated vc.ssel becomes 
tortuous, compelling^ the ascending aorta and areli to assume a more 

stout nomal individuals with a, high diaphragm. In these eases the 
left border of the descending aorta is often visualized as a. convex curve 
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below the aortic knob (D.s in Fig, 2 a 1), and the top of tlic arch usually 
reaches a higher position. 

Data on rheumatic aortic insufficiency have not been included in 
Table V because the wide excursion of the aoi-ta so frequently seen in 
this condition makes it difficult to obtain a di'awi7ig of the outline dur- 
ing the diastolic phase and in addition leaves one in doubt whether 
the aoi-ta is actually dilated or only dilatable under the stress of each 
systolic discharge from the ventricle. It is also possible that in some 
instances there may be a wide excursion of the vessel itself without 
any change in its caliber. A similar excursion of the aorta though not 
so pronounced is oeea.sionally seen in hypertension and rarely in young 
neurotic individuals without .stnietural disease of heart or aorta. 

Hypertension alone or when a.ssoeiated with some other condition 
produces increase in the size of the .shadow of the width of the arch in 
60 per cent to 65 per cent of the ca.ses. When both hyj)ertension and 
arteriosclerosis are present, the figure mounts to 79 per cent, being ex- 
ceeded only by Inetie aortiti.s. 


COXCLUSIOXS 

The fonnula of Hodges and Eyster is the most efficient standard in 
predicting the transverse diameter of the normal heart. 

A heart, whose transverse diameter exceeds the predicted diameter 
by more than 1.0 cm. should be considered enlarged. 

In subjects under sixty years of age thei’e is an average width of 
the aortic arch in accordance with age and sex. This measurement 
increases vith age and is larger in the male than in the female of the 
same age. 

When the average vidth for the age and sex is exceeded by more 
than 0.5 cm., the chances are 87 per cent in favor of a pathological 
cause for the increase in the measurement. 

jSTote. — All measurements in this study were obtained by orthodiagraphy with 
the subject erect. 
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A CASE OP TETRALOGY OP PALLOT; CLINICOPATHOLOGI- 
CAL OBSERVATIONS j QUANTITATIVE STUDIES OP CIRCU- 
LATION RATE AND THE RIGHT-TO-LEPT SHUNT* 

Harold N. Segall, M.D. 

Montreal, Canada 

INTRODUCTION 

I ’'HERE are a miinber of types of congenital heart disease ■which cause 
marked cyanosis ; of the cases whieli live to the age of puberty or early 
adult life, the so-called tetralogy of Pallet is the most common. This con- 
sists of pulmonary stenosis, defect of the interventricular septum, right 
ventricular hypertrophy and “rechtslage” of the aorta. Our knowledge 
of the clinical course and pathological anatomy of this lesion-complex has 
been built up from the analysis of eases that have accumulated in the liter- 
ature. Purther intelligence of this condition must also depend largely 
upon this method ; for, though the tetralogy of Pallet is one of the more 
common forms of congenital heart lesions, it occurs relatively rarely in the 
experience of any one individual. 

The progress in the study of the phj'siology of circulation in man that 
has been made within recent years now makes it possible to analj'ze the 
pathological phj^siology of the circulation in these eases. Such analyses 
are of considerable significance, both academically and practically. The 
abnormal conditions present in the tetralogj^ of Pallet could hardly be 
reproduced experimentally in animals, and they offer excellent opportuni- 
ties for stndjdng the adaptation of the body to high grades of oxygen un- 
saturation. Prom the practical, clinical iioint of view, facts about the 
pathological physiology of these cases may become of value in jirognosis. 
It therefore seems logical to insist that every case of this sort, as of other 
types of congenital heart disease, should be intensively studied and fully 
reported, in order to make the ease available for the investigator who might 
undertake to assemble and correlate the accumulated knowledge. 

The case which is the subject of this report is that of a young man Avho 
died at the age of twenty-three years. He first came to the Montreal Gen- 
eral Hospital in November, 1919, at the age of seventeen years, and was 
subsequently observed in the out-patient department and in the wards of 
the hospital until the time of his death. The jirogress of his condition Avas 
carefullj'’ observed clinically ; and during the second and third of his four 

*From the Medical Service of Professor C. P. Howard and the Cardiac Clinic, Montreal 
General Hospital. At the request of Professor Howard and witli the kind permission of 
other members of the staff, who recorded their observations and studies in tliis case, 
and of Dr. Maude E. Abbott, who performed the autopsy, the author has collected and 
correlated all the available data. 
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pcnods of sliiy in tlio liospilid, phy^inlo-ical studios oC his civonlation 
were made by Dr. I. M. Kabinovileli. 

I M male aged .seveuleen years, bora In «nss5a of Jewish parents; nngraled lo 
Can^da'irt the age of live years; ean.e to the hospital’s o.^patient department jnni 
admitted to the medical service of Dr. Jl. A. Datleur on ^oveml)e, S, 1.1 . . lit m 
plained chiefly of dy.sjmea on exertion and dull pain jn Imlli a.villae. lie im na 
horn a blue baby ami remained blue, but his j.hysical stature developed nornr.d y. lie 

had had dy.spnea on e.vcrt ion ever since chihihood. lie could ne\ei plaj .ac im J "i > 

other ehUdveu. lie received private tuition fiann the age of seven ye.ars .and began to 
attend school at the age of twelve, but made very slow progress it» his studies; he could 
not learn to read or write. At school he w.as alhiwed to walk lo and from classrooms 
and to perform other necessary physical exertion at his own slow pace. Of late, ho luul 
been getting weaker generally and more dyspneie: ho had also begun lo exjierienee a 
const.ant dull ache in each axilla and had developed a cough which was usually unproduc- 
tive hut sometimes hrought up whitish, ami ocetisionally hlood-stained .spiilnin. On 
Xovember 11, liDD, he Imd to stoji going to sehoid lieeause of these .syiniilonis. 

Neither he nor the memhers of his family recall his having suffered from any infec- 
tions or other disease. His mother is alive ami well; his fathi'r li.as emjihysem;! ; fivt* 
sisters died, one of peritonitis, the other four of unknown causes. 

Physicol Examinatwii.' — The jmtient jiresenled the picture of :i markedly cyanotic 
youth; he had a large nose, thick nostrils and lips, largi' hands with large elnbbed 
fingers, large feet with markedly einhhed toes. Hi.s poor personal hygiene and general 
behavior .suggested fliat he was a mental deficient. Breathing was somewhat labored, 
but there wa.s no evidenee of orthopne;i. (’oii.iuiietiv.nl vessels were dilated and jiroin- 
ineiit. Tlic teeth were earious and there was nineli jiyorrliea. 'I'lie palate was liigUiy 
arched. The throat was injeidcd; the tonsils were not dise.'ised. Some line erejiitalions 
were heard in each axilla; examination of the lungs was otherwise negative. 

Heart. — Jla.yimal apex impulse felt in fifth left inlorspaen 10 cm. from (he inid- 
stenial line; at the h.-isc a proiionneed sy.stolie thrill w.as felt with m.'iximnin intensity in 
second left interspace near the stcrmim. Kelative cardiac dullness e.xteiided G ein. to 
right and 10 cm. to left of niidstcrnal line in fifth space; there w.as no inereaso in supra- 
cardiac dullness. Heart sounds were heard with fair intensify at the apex; a rough 
systolic munnnr was tr.accd from the .apex to flic .seiauid left inferspaee where it \v;is 
loudest; it was harsh and m.a.sked (lie first sound. This murinnr was he.ard over the 
entire front of the chest ami also over the back; it was not. heard over the carotid 
arteries. The second sound was loud over the aortic area and faint over the pulnion.ary 
area. Cardiac rhythm was normal. Systolic blood pressure l.a2, diastolic. 100 mm. Ilg. 
The liver edge was not felt, but liver dullness extended to -1 cm. below flic right costal 
margin in the mammary line. There w.as no ascites, ^loderate-sizcd lymph glands 
were felt in the cervical, axillary and inguinal regions. There was slight edema of 
the lower extremities. Cranial nerve reflexes ivere normal. There was snsfained ankle 

and rectus clonus. The ocular fundi showed dilated full veins; no pulsation of 
these was seen. * 

count 14,000, hemoglobin, 104 per cent. Difrorcnlial count: polymorplionuclcars SI 
per cent, lymphocytes 18 per cent, eoshiopliilcs 0.3 per cent. 
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November 21. At midnight imtient had a convulsion; complained of severe headaclie 
before and after the convulsion. 

November 22. Severe headache continued: 200 c.c. blood drawn from median basilic 
vein gave him some relief. There was incontinence of urine and feces, apparently due 
to mental deficiency. Blood pressure 152 systolic, 100 diastolic. (Foul odor to breath.) 

November 23. Severe headache continued; patient very restless; occasional vomit- 
ing; incontinence of urine and feces; had a convulsion at 5 : 30 P.M. Lumbar puncture: 
clear fluid drained under great pressure caused no relief of headache. E.vamination of 
spinal fluid: Noguchi, Nonne and Pandy tests all positive. 

November 24. As on previous day. Twitching of eyes and face noted. Systolic 
blood pressure 148. 

November 25. Very noisy; attempted to get out of bed; headache seemed less severe. 

November 28. He was quiet; headache -was milder; red cell count 6,680,000; white 
cell count 10,000; hemoglobin 100 per cent. Blood pressure 136 systolic, and 106 
diastolic. 



Fig-. 1. — Electrocardiogram taken March 7, 1923. Normal rhythm; rate 75; P-R 
interval 0.21 sec.; Ps equais 0.5 millivolt and 0.12 second; marked right axis devia- 
tion; respiratory variations in height of P-wave. 


November 30. No headache; urine incontinence only once; systolic blood pressure 

120 . 

December 7. Headache and vomiting had ceased; felt well; discharged from 
hospital. 

Diagnosis . — Congenital malformation of tlie heart. 

He visited the outpatient department several times in the next three years, and on 
March 17, 1923, he was readmitted to the hospital under the care of Dr. F. G. Finley. 
His main complaint w'as that of diffuse abdominal pain about which no satisfactory 
history could be elicited. Physical examination revealed some enlargement of liver 
and spleen; the physical signs of the cardiovascular system were similar to those of 
1919; extrasystoles were observed; the blood pressure was 104 systolic and 74 diastolic; 
there rvas no edema of extremities. The red cell count was 7,400,000 and the white 
count 6,500. He remained in the hospital for three weeks during which the abdominal 
symptoms disappeared. 

On November 26, 1924, he entered the hospital under the care of Dr. C. P. Howard. 
A new symptom -was the occurrence of spells of dizziness without loss of consciousness, 
and no signs suggestive of epilepsy: each attack lasted five or ten minutes, and the- 
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nttaeks occurred almost daily. These symptoms first appeared in June, 1023. In Oc- 
iober of that year he had a bad cold for three ^veeks during ivhieh he coughed np 

'^"toVovtrer 29, Dr. Ho.vard made the following notes: “The 
most marked grade of cyanosis; it is generalized but, of course, cue 5 m 1 ^ , 

lips nose, fingers and toes. Tliere is also injection of the con.iunctival vessels. T 
drumstick (clubbed) fingers and toes are very pronounced, the cnlargemen being 
lareely venous. The nail beds are of a sky blue shade and more intensely blue than the 
skin of the fingers; the nails are curved and show atrophic changes with dark 
pigmented areas near the free margins. There is some enlargement of tibiae and 
fibulae and also to a lesser degree of the radii and ulnae. The bases of the lungs seem 
quite clear on percussion and auscultation. The thorax shows no precordial bulging; 



Fig. 2. — Electrocardiogram recorded December 1, 1,024 ; normal rhythm; rate 75; 
P-R interval 0.2 second; Ps 0.4 millivolt and 0.10 second in duration; marked right 
axis deviation; premature beats observed but not recorded. 


if any asymmetry exists it is due to precordial rctrjietion ; the sternum and costal 
cartilages project prominently. There is no special pulsation visible at apex or b.ase. 
The maximal apex impulse is palpable in the fourth left intercostal space 8.5 cm. from 
the midsternum. At the mitral area the systolic shock is felt but there is no thrill. 
There is a suspicion of a thrill in the second and third left interspaces near the sternum. 
Over the great vessels tliere is a well felt diastolic shock. Relative cardiac dullness : 
upper border over second left interspace; 5.3 cm. to the right and 10.5 cm to the left 
of the midsternal line in the fiftli interspace. X-ray plate shows enlargement of heart 
shadow to the right. Heart action is regular and slow. At apex a faint systolic mur- 

mm'ninr "" "' 7 ' ^;“\f"«tolic murmur .arc heard; over the tricuspid area both tliese 
muinnrs are louder; they are, however, best heard iu the second and third left inter- 
.st„ space, .ear tl.e sternum. The second sound is bud end of e<,„al Intenit 

ia!r i synchronous and equal. The liver 

3 t reaches the right subcostal nuargin ; it is not enlarged and not tender The snl 
IS moderately enlarged, firm, but not tender. ” ° 
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On December 11 he had an attack of loss of consciousness which was described as 
follows by Dr. E. S. Mills: “After supper, w'hile the patient was sitting in a cliair, 
he suddenly felt dizzy, then fell to the floor with convulsive movements of the arms and 
legs, frothing at the mouth, coughing and expectorating small quantities of bright 
red blood. He was put to bed by attendants. "When seen, about a minute after the 
onset, he was found lying in bed, unconscious ; respirations were deep and rapid, blood- 
tinged froth oozed from the mouth. The pupils were dilated and fixed. The knee 
jerks were absent and the arms and legs in a state of flaccid paralysis. In about 
live or six minutes he began to make efforts to get out of bed, and resisted as the blood 
pressure was being taken. This was found to be 148 systolic and 110 diastolic. Con- 
sciousness slowly returned, the knee jerks became active, and the pupils assumed their 
natural size. During this attack the cyanosis was most intense. He had never had such 
an attack before.” 

During this period of stay in the hospital a number of laboratory procedures done on 
previous occasions were repeated. 

The electrocardiogram (Pig. 2) showed normal rhythm, rate 75, marked right axis 
deviation; high P-wave in Lead II, and slurring and notching of the R-wave in 
Lead II. Some extrasj’stoles, most probably auricular, were observed but not recorded. 

X-ray examination of the heart (November 28, 1024) revealed an increase in the 
transverse diameter of the heart, especiall3'^ to the right, and the left auricle also ap- 
peared enlarged. X-raj- examination of the hands showed, as before, fullness of the 
soft tissues overlying the distal phalanges. There were no bone changes and the knees 
were perfectly normal. 

Wassermann reaction of the blood was negative. November 20, 1024: Red blood 
cells 9,200,000; white blood colls 8,000; hemoglobin 140 per cent (calculated from oxy- 
gen capacity). December 2, 1924: Red blood cells 10,280,000; hemoglobin 205.5 per 
cent (calculated from oxygen capacitj- dotenninod bj' Dr. Mills). Hematocrit 0.775. 
January 7, 1925 : Red blood cells 9,0.00,000; hemoglobin 187.2 per cent (calculated from 
oxj’gen capacity of the blood determined bj’ Dr. Mills on the basis 18.5 c.c. 02=14 gm. 
Hb.). 

November 28, 1924: Blood urea nitrogen 17.0 mg.; and sugar 0.125 mg. per 100 c.c. 
blood. Prequent examinations of urine showed the specific gravity to vaiy between 
1.018 and 1.021, few pus cells and phosphates in the sediment, but no albumin, sugar or 
casts. 

December 1, 1924: Dr. I. M. Rabinowitch made observations required for calculating 
the circulation rate; these are described below. 

January 27, 1925 : Dr. E. S. Mills made the following notes : ‘ ‘ The patient has been 
up and about in the ward for the past three weeks. He has suffered from frontal 
headaches from time to time, but on the whole has enjoj’ed fairly good comfort. His 
appetite is good, bowels are regular. He norv has no dj'spnea at rest. There has been 
no apparent change in the degree of cj'anosis. Phj^sical examination: lungs clear; 
heart — apex impulse in fifth left intercostal space 8 cm. to left of midsternal line. Rela- 
tive cardiac dullness begins at third left rib, and in fifth space extends 9 cm. to the 
left and 5.5 cm. to the right of the midsternal line; there is a faint thrill in the sec- 
ond and third left intercostal spaces; the heart sounds are as on admission. Tliere is 
no edema of the extremities. The patient is discharged from the hospital to go to 
his home. ’ ’ 

November 25, 1925: The patient was readmitted to Dr. Howard’s service. He 
complained of marked dj'spnea on exertion ; ho could not walk one hundred jmrds 
without having to ‘ ‘ stop for breath ’ ’ and he has been using three pillows to sleep on, to 
avoid the dj'spnea he has on tying flat. The seizures of dizziness and unconsciousness 
have increased verj' much in frequenej'; he was free from them for the first four months 
after leaving the hospital in Januarj', 1925, thej' then began to come on again and 
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SEQALL ; 

finally occurred once or twice daily. They occur only during the daytime, usually udien 
he is standing; he has never had one at night while lying in hed. The occurrence of a 
seizure hears no definite relation to any of his habits or activities. ® ; 

fered severely from supraorbital headaches; there has been some coughing, but mthou 
expectoration. His hands and feet arc always cold, but he has not experienced aio 
numbness. For many months he has not stirred out of the house for fear of liaving a fit 
while on the street. Physical examination revealed signs similar to those of November, 

1924. 

November 30, 1925: While in bathroom he vomited and felt faint; he was found un- 
conscious, very deeply cyanosed and breathing stcrtorously; pupils at first were dilated, 
did not react to light. The abdominal reflexes could not be elicited but the tendon 
reflexes were all present; there was no spasticity nor any undue degree of flaccidity. 
There was no biting of the tongue and no frothing at the mouth. Blood pressure 110 
systolic and 60 dihstolie; pulse 72 per minute and irregular. The atiaek lasted ten 



minutes, the patient after regaining consciousness was apparently very much weakened 

for he soon fell asleep. Otological examination on this day revealed bilateral otitis 
media. 

DeeembOT 4, 1925; The patient seemed more oomtortaWo in the past tom- dai-s 
O«cas.onal extrasystoles tvere detected. On, -gen administered b,- fnnnel method L 
fifteen minutes did not lessen cyanosis to any appreciable degree. 

no Chang'S eial'ue '■* 

tpZu;*:,", 

cert. -oXrp:r- 
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Hemoglobin 104.7 per ccn(. (van Sl.ykc). Urea concent ration factor (Rabiiiowitcli) 
equals 41. Urea nitrogen 20. Creatinin 1.7C. Oxygen capacity of blood 3C.02 vols. 
per cent. 

December 8, 1925: The following note was made by the house officer, Dr. 'Webster: 
“At 8 P.M. patient was sitting up in bed, apparently feeling better than during the 



Fig:. 4. — A, superior vena cava: J3, inferior vena cava; C, patent foramen ovale; J), 
sinus coronaris (anomalous tendinae replacing tliebesian valve) ; J?, riglit ventricle 
seen through defect ; F, conus arteriosus. 



Fig. 5. Fig. G. 

Fig. 5. — The conus arteriosus (showing fused semilunar valves, the raphes at 
A, B, and C). . . . 

Fig. 6. — The left ventricle, showing partial fusion and ulceration of the semilunar 
valves of the aorta, which roof the defect in the interventricular septum. 
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few claTS. Suddenly the nurse noticed blood coming from l.is mouth. The patient 

Lied to her and shortly afterward lapsed into one of his typical dilattL 

He had incontinence of urine and feces, his teeth were clenched and he ^ 

The -first hemorrhage consisted of about 8 ounces of frothy red blood. At a 
8-15 PH while still unconscious, he had a second hemorrhage. About four ounces of 
Mood «a„ca frcn tl,. nose l.c.u.se of t„o c1o.,cl,c,l foe 1. 

Closing his mouth. The patient did not regain consciousness, the piws remained i igid. 
Thus the patient died. 


SUMMARY OP POST-MOIv'TKJI KPA’DllT 

Autopsy was performed and findings were de.scribed in full detail by Dr. Claude D. 

Abbott. 

Summary ; 

]. General congestion and cyanosis of all tissues. 

2. Marked clubbing of all fingers and Iocs with incurving nails. 

3. Foramen of Winslow obliterated. 

4. Lesser peritoneal cavity closed by adhesions. 

5. Enlarged liver, congested and firm. 

f). Hj-pertrophied kidneys, with cortex-medulla ratio increased. 

7. Alarkcdly hypertrophied and congested spleen. 

8. Great distention of stomach with black tarry material. 

9. Marked hypostatic congestion. 

10. Evidence of pulmonary hemorrhage in both lungs, with blood-filled bronchi. 

11. Heart; This case presents a classic example of the so-called tetralogy of Fallot, 
in which a pulmonary stenosis and hypoplasia of the developmental type is associated 
with a defect of the interventricular septum just anterior to the undefended space, and 
with dextra-position of the aorta which rides above the defect, receiving the blood from 
both ventricles; and this combination is the commonest condition in cases of congenital 
cyanosis with clubbing reaching adult life. The chief points of additional interest are, 
the compensatory changes in the infundibular cusps of the tricuspid valve, the sclerosing 
process on the conus wall and pulmonary and tricuspid valves, and the inflammatory 
fusion of aortic cusps with recent endocarditis; also the dilatation of the ascending 
aorta with hypoplasia of the trunk belo-w in the absence of eoarctatiou. 


DETERMINATION OP THE VENOUS ARTERIAL SHUNT 

The observations presented in Table I and tlie calculations described 
in Table II tvere made by Dr. I. M. Rabinowiteb. 


Calculation of the Venous Arterial Shunt 
Let X = shunt, expressed in per cent of total cardiac output, 
a = reduced hemoglobin content of arterial blood. 

, . V = reduced hemoglobin content of venous blood. 

T = total hemoglobin (100 per cent), 
p = reduced hemoglobin in pulmonary vein blood. 

Then 


a = (1 - X) p T -f X V. 

vefuul!;°l r"*' ? y content of om 

Mood, or v=, that estimated for mised venous blood, may be used 
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DISCUSSION 

27ie Venous Arterial Shunt . — Tlie clinical and anatomical features of 
the tetralog}^ of Fallot obviously indicate that during- life the arterial 

TAMiK I 




MAR. IG, 1923 

dec. 1, 1924 



BASAL 

after exercise 

BASAL 

A ' 

1 

O.xygeii content of arterial blood 

7,32 vols. % 

5.1G vols. % 

1G,9 vols. % 

A. 

0.\vgen capacitj- of arterial blood 

21.9G vols. % 

21.9G vols. % 

2G.3 vols. % 

a 

Reduced hemoglobin in arferiiil blood 

GG% 

7G.5 % 

35.8 % 

V, 

O.xygen content of arm vein blood 

3.S2 vols. % 

O.GG vols. % 

9.8 vols. % 

Vi 

Reduced hemoglobin in arm vein blood 

S3 % 

97% 

G2.8 % 

V. 

O-vygen content of mixed venous blood 
(A-5)* 

2.32 vols. % j 

O.IG vols. % 

11,9 vols. % 

V: 

Reduced hemoglobin of mixed venous 
blood 

S9.05 % 

99.27 % 

55% 

P 

O.xygen content in pulmonary vein 
blood (.OooAi) t 

i 

20.07 vols. % 

20.97 vols. % 

25.1 vols. % 

P 

Reduced hemoglobin in pulmonary 
vein blood 

0.045 % 

0.045 % 

0.045 % 


Oxj’gen consumption per minute 

241.0 c.c. 

328.0 c.c. 

281.0 c.c. 


Metabolic rate 

+7% 


+22 % 


*5 vols. % is assumed to be the amount of oxygen utilization in the tissues ac- 
cording to Xiundsgaard. 

tit is assumed that the process of oxygenation in the lungs is normal. 


Table II 

Equatiox op Venous Arterial Shunt 



MAR. 16, 1923 

DEC. 1, 1924 


BASAL 

AFTER exercise 

BASAL 

a = (1 - X) p T + X v. 

78.3% 

77.85% 

53.7% 

a. = (1 - X) p T + X Vj 

72% 

75.8% 

62.0% 


stream consists of a mixture i*ich in reduced hemoglobin. The exact pro- 
portions of reduced and oxj^genated hemoglobin in this mixture must vary 
in different individuals under similar conditions of body activity, depend- 
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ing upon the relative size of the pulmonary and aortic orifices, the size of 
the septal defect and the jiosition ol! the aortic orifice in relation to its com- 
munications with the right and left venlricular ca.yities. Ollier factors 
such as the efficiency of ventricular musculature, the influence of associated 
anomalies, as, for example, collateral pulmonary circulation through hron- 
chial arteries, patent ductus arteriosus, patent foramen ovale, hypoplasia 
of the aorta, etc., must also play important roles in determining the nature 
of the mixed blood in the arterial stream. One may IhcreCore expect to 
find differences in the c.slimates of the arteriovenous .shunt made in difier- 
ent cases. "We have been able to discover reports of such studies in but six 
cases. 

The first report of cireulation rate studies and estimation of the venous 
arterial shunt in a case of tetralogA" of Fallot is that of W ciss and Ijbwbeer* 


(1924). Abbott'* quotes a case investigated at the IMassacluiseUs General 
Hospital by Bock, Field and Stoddard in 1924. The observations in our 
case were made by Dr. I. i\r. Rabinowiteli in 1 023 and 1 024 ; our case is the 
onlj’’ one in Avhich an attempt was made to observe the effects of exercise on 
the cireulation rate and on the shunt. Dautrebaiidc, IMar.shall and l\Iea- 
kins^ (1929) report, studies on three cases in one of which observations Avere 
made in 1922. Richards, Riley and Iliscoek,' in the most recent report, in- 
clude studies of the effect of keeping the patient in an oxygen chamber, 
hut do not calculate the shunt. Abbott quotes tlie data aiul methods of. 
calculation described by Weiss and Lowbeer and by Bock and his as- 
sociates. Dautrebandc, hlarshall and hleakins calculated the venous shunt 
by the two methods of Bock and his associates in two of their eases and by 
all three methods in the third case; the results varied so Avidely tliat they 
concluded “it Avas found impossible to obtain reliable determinations of 
the A'enous, or right to left, shunt.” We have api)licd additional methods 
of calculating the shunt to the data of AVeiss and LoAvbeer’s case and of 


our case and have tabulated the results obtained by various methods in the 
six cases (Table W) . In only one of the cases in t he sei'ies of Dautrebande, 
Marshall and Meakius Avere data available for the a})p!ication of the AVeiss 

and LoAvbeer method. In all ea.ses the data pennit calculation of the shunt 
by the folloAving equation. 


A^ P(IOO-X) 

A = + 

100 100 

in Avhich A = Oo content of arterial blood 
A^ = Oo content of venous blood 
P = On content of pulmonary vein blood. 


direeUy C ti O ™ TT detemiuofl 

experiment or Iv uT, determined by 

nt, (t ,) tbe assnmed mixed venous blood value calculated by 
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subtracting: 5 vols. per cent from the arterial 0- content (Lundsgaard and 
van Slykc,' average oxygen utilization by the tissues is b per cent). For 
estimating the 0:; content of! pulmonary vein blood it is also po.ssible to 
choose between two values; it may be assumed that oxygenation proceeds 
normally so that the blood entering the pulmonary veins is 95.5 per cent 
saturated (Pj) or the observations of Campbell, Hunt and Poulton'’' may 
be taken into consideration and the blood may be a.ssumed to be 85 per cent 
saturated (P-) . 'J’hus, using the above formula, four ditrerent calculations 
of the shunt may be made in each case, thus — 

]. A^-O.ni (V,)X-: (100-X) (0.01 )Pi 

2. A = 0.01 (V:;)X-i (100-X) (0.01) Pi 

3. A = 0.01 (V,)X-: (100-X) (O.Ol)Po 

4. A ^0.01 (V-j)X-i (100-X) (0.01 )Po 


TAm.nllJ 


Vknous .Autkimai, iSnuNT CAi.ciri.ATKi) iiY Font t^iFKKi’.KXT Equation’s 



MAi:cn 1C, 1023 

DKC. 1, 1024 

KQUATIO.V 

ItA.CAT, 

AfTKIf K.VKtlCI.SK 

ItASAI. 

1 

T9.r,% 

TT.S% 

13.4% 

o 

73.0% 

7r>.o% 

02.0% 

3 

70.4% 

7.1.0% 

43.4% 

4 

00.3% 

73.0% 

12.2% 

M.'ixiimiin % variation 

14.5% 

s% 

42.8% 

Ariniiauin variation 

2% 

j 

1.3% 

2.2% 


Tlie differences in the e.stimated .shunt depending upon the nature of the 
assumptions made in the calculation, the four equations were applied to 
the data of our case (Table III). Equations 1 and 2 are those used b.v 
Bock, Field and Stoddard’" in two separate experiments. In all of the cases 
the data allowed calculation of the shunt by equation 2 (Table IV), with 
the exception of the Weiss and Lowbeer- case and one of the two ex- 
periments in the case of Bock and his associates equation 1 could also be 
applied. 

The equation used by Eabinowitch for the calculation of the shunt in our 
case is the same as that of Bock, Field and Stoddai’d, only Rabinowitch 
ai?plies the values for reduced hemoglobin instead of those for oxygenated 
hemoglobin. Hence calculations by the method of Rabinowitch lead to re- 
sults essentially the same as those of equations 1 and 2. 

A comparison of the results obtained in each case by different methods 
of calculation (Table IV) reveals variations that range between 2 and 215 
per cent. If the results are viewed in the light of these two extremes, 
Dautrebande, iMarshall and iMeakins may be considered as justified in 
concluding that no reliable calculation of the .shunt could be made. The 
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iustaiAce of 215 per cent variation oecnrs in one oC their cases. All the 
other cases also sliow snch Avicle variations that one must question Avlietlier 
these estimates of the shunt have any significant, value. On the other hand, 
the estimates made with equation 2® pre.sent. figures Avhich seem to repre- 
sent the magnitude of the venous arterial shunt quite reasonably when due 
allowance is made for anatomical differences in the dilTerent cases. 
Furthermore, at present, equation 2 seems to offer the most reliable for- 
mula for calculating the shunt, since the possible errors in the data re- 
quired are smaller than in either of the other two formulae. Thus in equa- 
tion 1, the oxygen content of arm vein blood is used to re])rcsent that of 
mixed venous blood in the right auricle. Now it has been .shown by a num- 
ber of observers that the oxygen content of arm vein blood is likely to vary 
widely and that it is not truly representative of mixed venous blood. A 
crucial factor of the Weiss and Ijowbecr" method is the estimation of the 
pulmonary blood flow by the nitrous oxide method ; the experimental error 
of this procedure is so great as to make it unsuitable for the (|uantitative 
estimation of total cireulafion and of the shunt in a given case, although it 
may be of value for studies of a comparative nature. The sources of error 
for all methods seem to be in the limitations of the technic of measuring 
cardiac output in man rather than in the validity of the equations. Table 
III illustrates the wide variations in the figures of the estimated shunt 
when different assum])tions are made as regards oxygen content of mixed 
venous blood and of pulmonary vein blood. The greater uniformity of 
the figures obtained with equation 2 is due to the fact, that the two most im- 
portant factors in the data required Avere obained by a technic that may 
be said to have a low experimental error even when used by different in- 
diAdduals; the quantitative estimation of the oxygen content of the mixed 
A^enous blood is obtained by assuming the oxygon utiliscation to be 5 a’oIs. 
per cent. 


The clinical and pathological features of tlie totj-alogy of Fallot ofiier 
evidence from which one may deduce an approximate estimate of the pro- 
portions of “venous” and “arterial” blood Avhich make up the mixture 
that enters the aorta from tlie heart, f’he large right chambers and the 
relatively small left chambers of the heart indicate that the ouput of the 
right heart is much greater than that of the left. Second, the position of 
the aortic orifice and its patent communication Avith the right ventricle, 
and on the other hand, the smallness of the pulmonic orifice and the high 
resistance at this aperture, point to a generous flow of “venous” blood 
into the aorta. Basing an estimate of the amount of A^enous blood that 

to bo 50 pel- cent 

f, , seems to be a signiflemt 

ft^t the values obtained by the application of equation 2 to the data in 



640 


TIIK AjMERICAlSr HEART JOURNAL 


the different cases range between 45.4 per cent and 76 per cent. It now ap- 
pears reasonable to consider the magnitude of the venous arterial shunt, 
under basal conditions, to be at least 40 per cent of the total cardiac output 
into the aorta. 

Clinical observers have invariably described an increase in cjmnosis on 
exertion in cases of tetralogy* of Fallot. "With increase in cardiac output 
per minute during exercise it is most likety that the free communication 
between the right ventricle and the aorta and the very restricted communi- 
cations with the pulmonary circulation make for an increase in the pro- 
portion of venous blood in the arterial stream. Another likely factor in 
the production of this increase in cyanosis is the acceleration of oxygen 
utilization in the tissues as a compensatory mechanism. Thus the propor- 
tion of reduced hemoglobin in eapillaiy blood must become considerably 
increased. The single determination of the effect of exercise in our case 
reveals a relatively small increase in the shunt by equation 2, and a very 
small diminution by equation 1 ; the former figure seems to be the closer 
approach to the truth, although the increase is smaller than one might 
exjDeet to find. 

During the last six months of the life of our patient there was striking 
progressive increase in cardiac failuz*e: orthopnea appeared, he suffered 
from attacks of pulmonary congestion similar to those met with in cases 
of mitral stenosis, and he died in the course of one of these attacks. The 
last experiment for the estimation of circulation rate and venous arterial 
shunt was performed about a year before his death ; therefore in compar- 
ing the results of this experiment with those of the first data obtained 
twenty months previously, it becomes necessary to consider the factor of 
diminished myocardial strength, especially of the right ventricle. The 
venous arterial shunt estimated in December, 1924, is at least 15 per cent 
smaller than that determined in March, 1923. This diminution may be at- 
tributed to a disproportion in the myocardial failure of the two ventricles. 
As the right ventricle loses strength in greater degree than the left, the 
venous arterial shunt also diminishes. However, the total cardiac output 
also becomes decreased and pulmonary circulation becomes less etfieient so 
that in spite of the relatively smaller shunt the circulatory mechanism is 
weakened. 

Circulalion Rate . — The amount of blood put out by the heart into the 
aorta per minute may be estimated by applying the following equation : 

M 

0= — xlOO 

U 

wherein C = circulation rate, M = oxygen consumption per minute ex- 
pressed in cubic centimeters, and U = the oxj’’gen utilized by the tissues ex- 
pressed in volumes per cent. The value for U may be taken as 5 (Uo) ae- 
cording to Lundsgaard and van Slyke® or it may be calculated as the dif- 
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fereucc (Ui) m oxygen conleni, Ijetwecn ilio arterial anti arm vem Woods 
detemined by experiment. Using Ib. tlie circnlation rates in enWe 
centimeters per minnte, determined in onr case are 4,820 at rest, 6,obU 
after exercise in March. 1023, and 5,620 at rest in December, 1924-. Using 
U„ the corresponding rates are (3,887, 7,288 and 4,014 respect, ively. 1 lie 
increase following exercise is within expected limits. The rates for 
basal conditions estimated from the experiments in 1923 and 1924 aie 
so discordant that they cannot be compared logically. It is more likely 
that as the re.snlt of right ventricular myocardial failure, evidenced by 
the clinical observations and by the diminution in the venous artennl 
shunt, the total circnlation rate Avas smaller in December, 1924, than 
twenty months preA’ionsly Avhen cardiac function Avas more efficient. 
^Yeiss and LbAvbeer- estimated the circulation rate as 7,080 c.c. per 
minnte in their case, under basal conditions; this is a someAA'hat higher 
figure than any of ours. 


Table IV 

Venous AuterlMj Suunt Calcul.vtf.b ra' Du'pr.ur.NT Methods, Kxpuf~ssed in 
Per Cent or Total Cardiac Output 


CASE 

EQUATION 
NO. 1 

EQUATION 
NO. 2 

WEISS AND 

LoAVnEER 

1 

A’ARIATION 

MAXI.MUM 

MINIMUM 

Dnutrebnnde ct al.' 

40.5 

cs.s 


70 

41.0 

Dautrcbancle ct al.' 

34.0 

5S.0 

1 

70 

41.0 

Dautrebaiule ct al.' 

10.8 

45.4 

02.4 

215 

27.2 

tVeiss and Liiwbcors 


.50. 2 

00.0 

23 

lO.S 

Bock ct al.'' Jan. Id, 1024 


70.7 

i 



Bock ct al.-* Jan. 21, 1024 

G0.2 ' 

4S.S3 


41.7 

20.0 

Our case M.ar. 102.1, Basal 

70.5 

73.0 


s.s 


Our case Mar. 1923, Post exercise 

77.S 

70 


2 37 


Our case Dec. 1024 

53 

62 


17.0 

14.5 


Groxvih and Develojmeni. —The mother of our patient has told us that 
le was blue from birth onwards, but that he grcAV in stature quite normally 
and, moreover, that he was physically strong. Mmhally, however, he was 
very diftemit from the other children in the family. He was given privat c 
tiutiou at home and also attended school, but was unable to learn the most 
e ementary things and grew up illiterate, although he was intelligent 
ng 1 0 understand and carry out simple commands as Avell as to attend 
to r in 1‘dping his father at tend 

hrobrih, rb'"'*! deficieney might 

relativeh Zl ineludiug mental dullness dnrino, 

■elatively Ingh grades of anoxemia. The adaptation of the tissues to low 
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oxygen saturation of the blood in our case will be discussed below ; it will 
then become apparent that the degree of cyanosis is not a true measure 
of anoxemia and that the tissues were provided with sufficient oxygen to 
maintain normal body metabolism within certain limits of activity. Dr. 
Maude E. Abbott, from her intimate knowledge of the literature, as well as 
from personal experience of similar cases, has gained the impression that 
patients with congenital cyanosis are usually of normal and, not infre- 
quently, of supernormal intelligence. The subject of Bock, Field and 
Stoddard’s observations, whom one of us (TI. N. S.) observed during life, 
was a man of thirty-two years, with cyanosis and heart similar to that of 
our ease ; he was unusuallj^ bright as a business man and very witty. There 
seems to be 210 direct relationship) between the cyanosis and mental de- 
ficiency in our case. 

Adaptation of th e Body to the Cardiac Anomaly . — The intense grade of 
cyanosis from birth suggests a very grave degree of oxygen want, so that 
one would expiect stuiited growth in body and mind in these cases. The 
fact that they are usually normal in this resj^ect indicates the high degree 
of adapDtation to the p 2 athological condition that causes the cyanosis. Ai 2 - 
other re 2 narkable feature of these eases is that many survive to the age of 
puberty and not a few go beyond the second and third decades. An analy- 
sis of all the factors concerned in the adaptation of the functions of the 
body to abnormal conditions of circulation must necessarily be limited at 
the present time for want of knowledge. 

In the heart itself, the congenital pulmonic steiiosis is accompanied by a 
compensatory hyperti’ophy of the idght venti’icle. In our case, this was 
diagnosed clinically on ample grounds, namely, enlargement of the heart 
to the right as determined by percussion and x-ray examination, aiid in 
addition, mai’ked right axis deviation shown in the electrocardiogram. 
The post-mortem examination showed a very thickened and enlarged right 
ventricle, and a less thick and smaller left ventricle. This cardiac hyper- 
trophy, particularly of the right A^entriele, is the chief mechanical factor 
of adaptation ; in virtue of it the lungs received relativelj^ sufficient blood 
in spite of the small pulmonary valve orifice. A conservative estimate of 
the eii'cnlation i-ate, under basal conditions, was determined as 4820 c.c. 
per minute on one occasion, and 5620 c.c. on another, whereas after exer- 
cise it was found to be 6560 c.c. per minute. These figoi’es closely resemble 
those obtained in the normal and thus indicate that the cardiac hyper- 
trophy was quite effective in compensating for the mechanical disabilities. 

The next obvious factor of adaptation is the marked degree of erythro- 
cytosis ; in our case there was an increase of 50 to 100 poer cent in red cells 
without a coi'responding increase in white cells, and a hemoglobin content 
always more than 100 per cent. On one occasion the hemoglobin content 
was calculated from the oxygen capacitj'’ of the blood and found to be 
194.7 p)er cent, with a red cell count of 8,630,000 ; and on another occasion 
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205 5 per cent, mth a red cell count of 10,280,000. From studies of the 
adaptation of normal individuals to living m high altitudes it has long 
been known that an increase in red cells and hemoglobin takes place in 
order to compensate for the lower partial pressure of oxygen in the at- 
mosphere. All individual who is not adapted to high altAudes presents 
symptoms of anoxemia when exposed to a lowered partial pressure of 
oxygen, that is to say, symptoms of want of oxygen in the body tissues. In 
a case of tetralogy of Fallot, the right-to-left shunt results in an admixture 
of “venous” and “arterial” blood which reduces the oxygen content of 
the mixed blood eonsiderablj’’ below that of “arterial.” Thus the blood 


of the systemic arterial stream is characterized by a sufficiently low oxygen 
content to cause marked 03 ^ 110318 . But the basal metabolic rate measuied 
on two occasions in our case was +7 and +22 per cent ; in other words, the 


body tissues were being supplied with ample oxygen and ivere not suffering 
from anoxemia. It appears, therefore, that the degree of e 3 ’'anosis is no 
index to the degree of anoxemia in a case such as ours. The increase in 
the number of red cells and the amount of hemoglobin raises the ox 3 'gen 
capacity of the blood so that it becomes possible to maintain an oxygen 
tension in the capillaries sufficiently high to provide tlie tissues with their 
normal oxygen requirement wdthin certain limits of bod}’’ activity. 

The duration of life in 73 cases of tetralogy of Fallot analyzed by Ab- 
bott® varied from eleven days to thirt 3 ’’-six 3 ’’ears. White and Sprague have 
reported the case of a noted musician who lived to his sixtieth 3 ’'ear. From 
the above discussion of the main factors of adaptation it would appear that 
the duration of life is detennined by the amount of right-to-left shunt on 
the one hand, and the erythrocytosis on the other. The amount of the 
right-to-left shunt is determined b}”- the mechanical features in the heart, 
namely, the size of the pulmonary valve orifice, the size of the interven- 
tricular septal defect, and the relation between the pressures developed 
in the right and left ventricles. Under given intracardiac conditions the 
efficiency of the myocardium plays the central role in determining the 
duration of life, since upon it depend the maintenance of a requisite circu- 
lation rate and the restriction of the riglit-to-left shunt to within physio- 
logical limits. There are, no doubt, other changes in the blood and in the 
tissues which also make for maintaining normal metabolism. 


Limits of Function of the Circulatory System.—From early childhood 
the patient was in the habit of walking at a slow pace ; if he walked rapidly 
he had the discomfort of breathlessness. After short but rather great exer- 
tion like lifting a heavy box, he had to stop to recover from dyspnea in 
the form of rapid shallow. respirations. During his stay in the hospital 
ward, it was noticed that the cyanosis became more intense when he 
hanged from the upright to the recumbent posture, when he performed 
delate exercise sufficient to induce dyspnea and also during the attaclvs 
toed by Dr. Mille a.d Dr. Webster. The mtensification „i the cy«™ 
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sis on change oX' posture may be attributed 1o venous congestion in the 
head, resulting from tlie effect of gravity. This, associated with exertion, 
indicates that the patient had, in some degree, a reserve meclianism pres- 
ent in normal people, namely, the ability to develop an oxygen debt, but 
this mechanism in our ease could function only within much narrower 
limks than in the normal individual. The experiment performed on 
March 16, 1923, gives some clue to the limitations of the patient’s power to 
provide his tissues with oxygen during exert ion. Before exercise (walking 
up and down the ward) the arterial O 2 content was 7.32 vols. i)er cent and 
after exercise it was 5.16 vols. per cent. The Oo content of venous blood 
before exercise was 3.82 vols. per cent; after, 0.66 vols. pc)- cent. The re- 
sponse to exercise in this experiment exemplifies llie very narrow limits of 
reserve within which the activities of the patient had to be maintained in 
order that he might be comfortable. The considerable oxygen debt of 
(328-241 ) 87 c.c. per minute was accumulated by the ordinary exertion of 
walking for a few' minutes. The increased circulation rate associated 'vvith 
exercise is greatly restricted in its effectiveness by the existence of the 
venous arterial shunt. Moi-eover, it is very likely that wdth increase in 
cardiac output, the magnitude of the shunt becomes augmented both rela- 
tively and absohiteJy. If, to these disabilities, that of myocardial failure is 
added, the main compensatoiy mechanism lies wdth i^cripheral circulation : 
the margin of oxygen desaturation of the blood by the tissues is wddened 
so that the oxygen debt rapidly accumulates in the ])resence of a very 
deficient pulmonaiy circulation. On one occasion oxygen wns adminis- 
tered to the patient by the funnel method w'hen he wns at rest in bed ; no 
effect on the cyanosis or on respiration could be detected. Richards, Riley 
and Hiscock^ observed their patient during the three days that he remained 
in a Barach oxj’-gen chamber and could not find any evidence of a signifi- 
cant beneficial effect. “The artei'ial oxygen saturation rose only 5 per 
cent, scarcely more than the change that would occur in a. normal person. ’ ’ 

Miscellaneous Sym 2 )foms and Signs . — On his first visit to the hospital, 
the patient complained among other things of abdominal distress unre- 
lated to food or exertion. Post mortem, the lesser peritoneal cavity and 
the Foramen of Winslow were found to be obliterated by adhesions. 
Whatever may have been the etiology of the inflammatoiy process which 
the adhesions represented, these findings probably e.xplain the abdominal 
distress. 

During the wRole period of observation the urine was frequently 
examined and always found to contain albumin, sometimes in smaller at 
other times in larger quantities. Casts, red blood, cells and pus cells, 
though always present, were never abundant. The specific gravity varied 
from 1.014 to 1.021. On November 28, 1924, blood urea nitrogen was 17 
mg. per 100 c.c. On November 25, 1925, blood urea nitrogen was 20 mg. 
per 100 c.c., creatinin 1.76 mg. per cent, and the urea concentration factor 



SEGALb : 


A CASH OH TETKAIiOOY OH HAF-bO'l’ 


()^I5 


(Kaliiiiowildi) «. These ohsei'vniioiis on the Itlood arc those ot iioriiiii 
Idchicy toction, but pei'sislenee of allmmii.ui'iti with some red cells tind 
casts are suggestive of. some functional abnoianality in tlic kKlneys. 
Furthermore, the hypertension, observed almost invariably, would seem to 
point to some form of nephritis. At autopsy the Icidueys showed cvidcnec 
of venous congestion and parenchymatous degeneration ; coupled uith tin; 
normal blood findings this must, exclude, the ]) 0 .ssibility of nciihritis. It is 
highly probable that the hypertension may have been due to the relatively 
high degree of aortic liypoplasia alone, or to some unknown factor associ- 
ated with the crythroeytheinia, similar to that which occurs in some cases o! 
polycythemia rubra vera. Venous congestion in the kidneys, associated 
with erythrocytosis, as well as the abnormally low oxygen tension of the 
blood with its effect on tissue metabolism, explain the iiarenchyinalous de- 


generation witli persistence of albuminuria, rod cells and casts. 

All the observers of our ease were impressed by the very iironounccd 
clegi'ce of clubbing of the fingers and toes. Repeated x-ray examinations 
showed no evidence of changes in the bones of the fingers and 1 oes, although 
such changes have been described. During the whole period of .six years 
the patient was seen by difi’erent observers at ditVorent times and so no 
accurate statement as to whether the clubbing increased during that time 
can he made. 

The lleavt Sounds oml Ulnrmurs . — Tlic notes made by various ob.sorvers 
at different times revealed considerable lack of uniformity in the descrip- 
tion of the cardiac .sounds and mnvmurs. The unusual nature of the case 
and the clinical interc.st that the condition of the heart must have arou.socl 
in the observers make it reasonable to assume that the anscnltatory signs 
were studied and recorded with particular care. 'Diis would lend to 
dimmish the significance of the pcr.sonal e<iuat ion in comparing the records 
of these observations, but it must be included as one of the factors rcsi)on- 
sible for the dilferences found. 


A systolic murmur was heard by all obscrvci's and was likewise invari- 
ably found to he loudest over the pulmonic area. The loudness of this 
murmur and the areas over which it was heard wore variously described. 
In 1919 and 1923 it was de.seribed as harsh, loud, and audible all over the 
front and back of the chest. In 1924 a .systolic murmur at the apex was 
recorded as faint; and, for the first time, a faint apical diastolic murmur 
was also mentioned: both these murmurs “are louder over the tricuspid 
area; they are, however, he.st heard in the .second and third left intercostal 
spaces i^ear the sternum.” In 1919 the second sound was described as 
ou over the aortic area and faint over the pulmonic area ” ; in 1924 ‘ ‘ the 
second sound is loud and of equal intensity over the pulmonic and aortic 
areas. A systolic thrill over tlie pulmonic area was felt by all observers 

except one. In 1925 the only diastolic murmur 

systolic murmur.” 


a ‘‘questionable pre- 
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The post-mortem examination of the heart revealed at least three pos- 
sible causes for a systolic murmur and two for a diastolic murmur. The 
congenital stenosis of the pulmonary artery, the interventricular septal 
defect, and the rheumatic aortic stenosis, each might be responsible for a 
systolic murmur. The fact that the observed murmur was loudest in the 
second left interspace near the sternum makes it most probable that it was 
due almost entirely if not entirely to the pulmonic stenosis. It appears 
to have been very much louder in 1919 and 1923 than in 1924 and 1925; 
this change may be attributed to right ventricular myocardial failure, 
but not without certain reservations. The systolic blood pressure was as 
high in 1924 w4ien the apical systolic murmur was described as “faint,” 
as it had been in previous years w'hen the murmur was so loud that it 
was heard all over the chest. In this case the right ventricle played as 
great a role as the left ventricle, and perhaps a greater one, in maintaining 
systemic blood pressure, so that the blood pressure measured in the arm is 
indicative of the pressure in the right ventricle and of the force with which 
blood was projected through the stenosed pulmonaiy orifice. Since this 
force wms not less in 1924 than in 1919, one may doubt 'whether right 
ventricular failure per se was responsible for the diminished loudness of 
the murmur. Another factor in determining the variations in loudness 
of the systolic murmur -which deserves being mentioned is increase in 
peripheral resistance in the pulmonary circulation. Furthermore, if it 
is assumed that systolic murmurs w^ere also produced at the slightly ste- 
nosed aortic valve and at the ventricular septal defect, diminished and in- 
creased loudness due to interference of sound waves from the three dif- 
ferent sources may be considered as a possible explanation for the varia- 
tions that were observed in the systolic mui'mur. 

On March 17, 1923, Dr. Finley noted, “No diastolic murmur is heard,” 
while on November 26, 1924, Dr. Howard found a diastolic murmur at the 
apex which was louder at the tricuspid area, and loudest over the second 
and third left interspace near the stenium. Bet-ween 1919 and 1924, no ob- 
server heard a diastolic murmur in spite of the fact that at autopsy a fixed 
pulmonic orifice was found. This may be explained in the following man- 
ner : the thinness of the pulmonaiy artery indicates that the difference be- 
tween the pressures in the right ventricle and in the pulmonary artery 
during ventricular diastolic was not such as to occasion a stream of blood 
from the artery into the ventricle, sufficiently forceful to produce a di- 
astolic murmur. The appearance of the diastolic murmur in 1924 must 
be associated with the iheumatie inflammatory deformity of the aortic 
valve ; and this must have developed in the interval between IMareh, 1923, 
and November, 1924. Judging by the blood pressure recorded a year 
later, shortly before his death, there could not have been much disturbance 
of function due to this deformity of the aortic valve. 

On one occasion the spinal fluid was examined and found to issue forth 
at high pressure. The Noguchi, Nonne and Pandy tests for globulin were 
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all positive. In view of llie negative Wassonnann, one is ledio sns))Oct, tli.i 
this inoreaso in globulin contcnl, of Ibc s|)innl llnul may have been due to 
causes similaf to those which produeed the nrinavy liudings dcsevd.ed 
above. This possibility is veiy likely, pavtienlai-ly since the secrclion ol 
both iluids is dciieudent, upon the penneabilily of membranes, wliieb may 
have been rendered more pornioalilc lo proteins by the low oxyircn satura- 
tion of the blood. 

Eiiccplialopaniic Phr now cm. -The patholo^deal i)]iysiolo<r>* of the 
cerebral symptoms cannot be discussed in the liftbt of autopsy findings 
because, unfortunately, the brain was not examined, l^imilar cerebral 
plienomena liave been described in cases in which the brain was cxiimiiud 
without finding any anatomical changes to account tor them. Attempts 
liave been made to explain the mechanism ol synpitoms such as these on 
other grounds. Yarpier.*" ment ions the jmssibilil y I bat t hey may be at t acks 
of Stoke.s-Adams .syndrome. 'Phe clinical ]ucture of unconsciousness with 
convulsive movements of the limbs in our case docs bear some I’csemblancc 
to this condition. 13ut the normal imlsc rate makes it unlikely that these 
attacks were initiated by ventricular asystole due to disturbance in rhythm. 
Various authors have, perhap.s for want of a belter term, called the.se at- 
tacks epileptiform. Our jiatient was a menial deficient, and this would 
justify serious consideration of the po.s.sibility of e.jiilopsy in his case, but 
the detailed description of the attacks fails to reveal any of the stigmata 
of epilepsy such as tonic and clonic phases, biting of the tongue, and sal- 
ivary frothing at the mouth. Dr. Ramsay, who observed and desei-ibod 
the episode of November 30, states "attack did not suggest epilo.jhifovm at- 
tack .so much as cerebral engorgement.” 

AhhotD in her comprehensive work on congenital heart disease refers to 
"Syncopal and Epileptiform Attacks” in cases of tetralogy of Fallot. 
After mentioning two ca.ses (one of winch is our own) in which thei-e was 
a high degi'ee of polycythemia, .she considers Hie pathological physiology 
of these symptoms in the following terms; 

"It seems probable that the great vi.seosity of the blood wbieli must have 
existed under these conditions 7nay liave inti'oduced some cerebral factors 
such as thromboses in the capillaiy eireulafion, wliieli may have combined 
with the anoxemia and liigh unsaturation to pi-oduec this remarkable 
picture.” 

Case.s of polycythemia rubra vera liave been I'eported in wdiieh cerebral 
symptoms varying from headache and attacks of .slight dizziness to par-il 
yses of arms and legs occurred. In the majority of such cases in which the 
brain was examined, thrombosis in the cerebral vessels was found. Cliri.s- 
tiau’i reports ten cases, in all of which cerebral symptoms occurred Tlie 
hram was examined in four cases tliat .sliowed clinical signs of permanent 
damage to the brain fcuc.,. In three ot these, eorehrarthrom“o "e 
found ; m the fourth, artenoselerosis and cerebral softening were present. 
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Thromboses Avere present in onr case : the attacks of loss of consciousness, 
the transitory ankle and rectus clonus, incontinence, twitching of muscles, 
etc., may be related to small thromboses in various parts of the brain. 

The first encephalopathic symptom Avas headache, first mentioned in the 
record of the patient’s symptoms in April, 1923. Tavo months later he be- 
gan to have brief spells of dizziness Avithout loss of consciousness, and Avith- 
out any s.ymptoms suggesth^e of epilepsy: these occurred only Avheu he 
Avas in the erect posture, and they gradually increased in frecpieney so that 
AAdthin six months thej' occurred almost daily. In December, 1924, Avhile 
he Avas in the hospital, the first attack of loss of consciousiACSs occurred ; it 
is noteAA'orthy that this began AA'hen he AA'as seated and that there Avas acute 
pulmonary edema and flaccid paralysis during this attack. During the 
year folloAAdng this episode there AA’ere very frequent recurrences of loss of 
consciousness ushered in by dizziness; these attacks came on usually AA’hen 
he AA’as in the erect posture and lasted about ten minutes. He AA’as observed 
in one of these attacks AA’hile in the hospital, in November, 1925 ; he breathed 
stertorously and Avas more deeply cyanotic than usual during this period 
of unconsciousness, but no blood-stained froth Avas observed to ooze from 
the mouth. The history of the nature of his death — a suddent onset of one 
of his attacks of unconsciousness accompanied, hoAvever, by oozing of 
frothy blood from the mouth — is typical of pulmonary edema due to car- 
diac failure, such as is met Avith as a medical emergency in cases of mitral 
stenosis. Thus there Avas gradually progressive increase in the severity of 
the encephalopathic symptoms over a period of tAVO and a half years. Dur- 
ing this same period the efficienoy of eai'diac function progressh’ely dimin- 
ished, and there appears to be a direct relationship betAveen the severity of 
the cerebral symptoms and the degree of cardiac failure. This suggests 
another approach to the elucidation of the mechanism responsible for the 
encephalopathic manifestations. The headache, dizziness and transitory 
spells of loss of consciousness resemble the syndrome induced by anoxemia 
AA’hich Avas described bj’ Haldane." Although our patient had a normal 
basal metabolism and Avas also able to accumulate an oxygen debt during 
slight exertion, the oxygen in his artei'ial and A’enous streams became 
rapidly diminished during exercise; the limits of his reseiwe Avere A’ery 
narrow. The development of cardiac failure further impaired the effi- 
ciency of his circulation, so that one may suspect that anoxemia of the tis- 
sues occurred A’erj’ readily during any physical strain. The fact that the 
attacks of dizziness and loss of consciousness at first apjD eared only AA’hen 
he was in the erect posture, and later eA’en AA’hen he Avas lying doAvn or sit- 
ting, and the association of some of these attacks AA’ith acute pulmonary 
edema, indicate the likelihood that they Avere initiated by transitory myo- 
cardial failure of a more or less profound degree, AA’hieh led to cerebi’al 
anoxemia, the immediate cause of the symx)toms. 

The more seA’ere attacks characterized by loss of consciousness, sterto- 
rous breathing, convulsiA’e movements, constriction of the pupils folloAved 
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marked dilatation, flaccid paralysis with loss of reflexes and incon- 
tinence of sphincters, bear a direct resemblance to the s.yndromc of as- 
phyxia that may be produced experimentally in animals. Such attacks 
were usually accompanied by acute pulmonary edema, and it was in one of 
these attacks that he died. 
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A METHOD FOR THE MEASUREMENT OF THE VELOCITY 
OF THE PULMONARY AND PERIPHERAL VENOUS 
BLOOD PLOW IN MAN^^ 

George P. Robb, M.D., and Soma Weiss, j\I.D. 

Boston, jMass. 

A LL methods used in the past for the measurement of the velocity of 
hlood flow in man have consisted of the injection of a substance into a 
peripheral vein, and the determination of the time elapsing between the in- 
jection and the arrival of the substance at another designated point in the 
circulation. The time interval between injection and arrival of the fastest 
particle of blood through the designated portion of the circulation has been 
termed the circulation time for that particular pathwaj^ Tlie reliability 
of 3113 ^ method which emplo3^s this procedure depends primariH upon the 
accurac3’' with which the earliest traces of injected substances can he de- 
tected in the blood stream. The circulation time has been determined b3- : 
( 1 ) The fluoreseine method of Koch^ in which the arrival time was indi- 
cated by the appearance of d3m in the venous blood of the forearm. Tech- 
nical difficult3" in securing the necessaiy blood samples and in detecting the 
earliest traces of d3’-e has made this method rather impracticable. ( 2 ) The 
eonductivit3’’ method of Stewart- which made use of the change in electrical 
eonductivit5^ of the blood caused b3'' the addition of an eleetrol3’’te. Strong 
sodium chloride solution was injected intravenousl3’' into animals, and its 
time of arrival registered through suitable electrodes and a sensitive gal- 
vanometer. Although sound in principle, and reliable in animals, its ap- 
plicabilit3'’ in patients has not proved feasible in our experience. ( 3 ) 
Radium emanation has been employed successfull3’- in estimating the 
veloeit}’" of blood flow.®’ ® A small nontoxic dose of radium emanation is 
injected intravenously, and its arrival at one or more points in the circula- 
tion is registered b3^ a device sensitive enough to detect the earl}’- traces of 
radium. This method not only permits measurement of the circ-ulation 
rate in the large blood vessels but makes possible a separate e.stimation of 
the rate of blood flow in the pulmonaiy and peripheral circulations. In this 
lies its chief significance. However, despite these advantage.s, the expense, 
the technical proficiency required b}’- the method, and its bulldness consti- 
tute serious disadvantages and restrict its use. The fact that measurement 
cannot be repeated within less than three hours is also a disadvantage for 
certain observations. ( 4 ) A new t.vpe of method was introduced by the 
use of pharmacological agents such as carbon dioxide, histamine, calcium 

•From the Thorndike Jlcmorial Laboratorj-, Second and Fourth Medical Service."! 
(Harvard), Boston City Hospital, and the Department of Medicine, Harvard Medical 
School, Boston. 
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chloride and others for measuring the circulation rate. The arnval of 
the injected substances is registered by a characteristic and readily ci.- 
eernible effect upon some physiological function. The time interval be- 
tween the injection and the bodily reaction, the reaction time,^^ represents 
the circulation time from the site of injection to the responsive organ. It 
is essential that the signal reaction, upon which the accuracy of the reac- 
tion time largely depends, shall be objective, demand no cooperation on the 
part of the patient and shall occur promptly after arrival ol the active 


agent in the reacting organ. 

Because of failure to comply with one or more of these requirements the 
results of a number of pharmacological methods are of limited value. 
Boriistein® attempted to measure the circulation time by the inhalation of 
carbon dioxide. The time interval between the inspiration of carbon di- 
oxide and the first deep respiration was thought to be an exiiression of the 
circulation time from the capillaries of the lung to the respiratory center. 
Because of variations in the response to carbon dioxide in pathological 
conditions, Bornstein himself recognized the limited applicability of the 
method. Loevenhai*t, Schloiiiowitz and SeybohT determined the circula- 
tion time ill animals by injecting sodium e3’’anide intravenously. The re- 
sulting stimulation of respiration ivas used as an indication of the arrival 
of cyanide in the respiratory center. Although the circulation time b}" this 
method compared favorabl.v with those obtained bj’’ ferroc^mnide, liexa- 
metliylene and lithium chloride in the rabbit and dog, no application of it 
was made in man. The histamine method® depends upon the intense flush 
of face and neck caused b}" the arrival of histamine in the small blood ves- 
sels of the skin. A salt.y or metallic taste occurs simultaiieouslj’' witli tlie 
onset of the flush and serves as a verification of the arrival time of his- 
tamine. Headache following its use and its failure to produce an objective 
reaction in severe anemia and in dark-colored races limit its usefulness. 


In 1930 Kahler” employed calcium chloride for estimating the rate of 
blood flow ill various parts of the bodj''. He injected calcium chloride in- 
travenously and made use of the sensation of heat which followed its course 
throughout the body in estimating the circulation time to the head and 
neck, hands, feet and buttocks. Although the results reported by Kahler 
are in fair agreement with the circulation time obtained with other reliable 
methods, the method must be limited in application because of the entirely 
objective nature of the reaction. More recently Wiiiternitz, Deutsch and 
iirulh used decholin, a preparation of dihydrochloric acid which produces 
a sudden intensely bitter taste upon arrival in the mouth. This method 

“t'^lUgence and cooperation 
coildittons ’ '“"“t ’>« teistworthy in many pathological 


shoula not be confoseaHviy tlfe tormyinio-^ tnterval between injection and reaction It 

rotrcaction to occur 
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Each of the different methods for estimating the velocity of blood flow 
offers certain advantages, depending upon the nature of the inquiry; and 
each possesses limitations which must be considered in the selection of a 
method. 

THE PROBLEM 

In order to study sudden changes in the circulation in certain diseases a 
reliable method was needed for measuring at frequent intervals the rate 
of blood flow in man which could be used at the bedside with little delay, 
and preferably by one observer. None of the available methods met Avith 
these requirements. The conductivity method of Stewart,- as Avell as the 
modifications of Meldolesi^^ and Koch,^- proved unsuitable. "We were, 
therefore, forced to find a chemical substance which, through its pharmaco- 
logical properties, might be satisfactory. 

A chemical substance suitable for measurement of the velocity of blood 
flow in man should fulfill the following requirements: (1) It should be 
nontoxie in the dose emploj^ed. (2) It should not influence the velocity of 
blood flow until the signal reaction has occurred. (3) The substance and 
its effect on the bodj^ should be rapidly inactiAmted so that measurements 
may be repeated after short intervals of time. (4) The signal reaction of 
primary importance in the method must be objectiA^e and readily discern- 
ible in both normal and pathological conditions. It should be suitable for 
graphic registration. The reaction time proper of the substance after ar- 
rival in the reactive organ should be a negligibly small fraction of the en- 
tire reaction time AAdiieh consists of circulation time plus reaction time 
proper. 

The pharmacological studies of LocA^enhart and his coAVorkers’^® on the 
effect of sodium cyanide suggested this substance as a suitable agent for 
measurement of the A^elocity of blood floAv in man. They administered 
sodium cyanide intravenously to animals and man and found it to be a safe 
and effective stimulant of respiration when giA^en in proper dosage. A 
latent period invariably occurred betAveen the injection of cyanide and in- 
creased respiration, Avhich suggested to them its use for measuring the cir- 
culation time of the blood. Although experiments in animals later demon- 
strated its exceptional qualification for this role,'^ cyanide was not used for 
measurement of the circulation time in man as far as can be ascertained. 

The cyanide radical, although usually regarded as highly toxic, occurs 
normally in certain plants^'^ and CA'^en in the animal body. Cyanide in 
the form of thiocyanate is a normal constituent of human salNa,^® urine, 
and gastric juice.^’' 

Cyanide stimulates all of the medullary centers, but the most striking 
effect is upon respiration. Small doses cause an increase in the rate and 
amplitude of respiration, Avhereas toxic doses produce a fleeting stimula- 
tion, followed rapidly by shallow irregular breathing, and finally by a 
paralysis of respiration and death. According to LoevenharC^ the re- 
spirator.y stimulating dose of sodium cyanide in man, when injected 
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rapidly into the vein, is 3 to 5 mg., approximately 0.04 to 0.0 ( mg. per kg. 
of body weight; whereas the fatal dose of injected sodinm cyanide ni both 
animals and man was estimated to be about tAventy tunes the respiratory 
stimulating dose. The toxicity of .sodium cyanide is considerably lower 
than that of several of the glucosides and alkaloids employed in clinical 
medicine.^’ Cnmnlative etfects do not readily occur from the tlierapcnlic 
administration of cyanide because of its rapid inactivation^ in the body, 
which px'ogresses, according to Loevenhart, at the rate of 1.5 to 2 mg. pei 
minute in man. It is converted in part into relal ivcly innocuous sulphur 
compounds, and in part into loss closely related nitrogenous compounds. 
Excretion occurs as hydrocyanic acid on the breath and as cyanide and 
sulphoeyanidc in the urine.’** These data on the pharmacology of the 
cyanide group clearly indicate that sodium cyanide can be safely adminis- 
tered to man intravenously in amounts to cause a distinct stimulation of 
respiration, and that this can be repeated after short intervals of time. 


PLAN OP INVESTIGATION 

In order to find out, in the first place, whether sodinm cyanide could 
be safely administered to man in amounts adecpiatc to cause di.stinct 
stimulation of respiration, it was administered intravenously in varying 
amounts to a large number of volunteer subjects, and its elTect on resiii- 
ration and circulation ivas observed. 

In order to ascertain wliethcr the reaction time of cyanide would be an 
accurate measure of the true circulation time and whether a jiractical 
application could be made clinically, the following observations were 
made. The reaction time of cyanide in normal subjects was compared 
with the circulation time obtained by the radium emanation and histamine 
methods. The constancy of the reaction time ivitli varying doses of 
cyanide was investigated. Repeated estimations ivere made at short in- 
teiwals to ascertain whether frequent determinations of the cyanide re- 
action time were feasible. For comparison of the results obtained by 
two methods under identical conditions, estimations of the circulation 
time by both the cyanide and the histamine methods were performed in 
the same individual. For a more precise eA’aluatiou, simultaneous deter- 
minations of the cyanide reaction time and glucose circulation time were 
made. 


OBSERVATIONS ON THE EFFECT OF SODIUM CYANIDE IN MAN 

The. Dosage of Cyanide.— We found, as anticipated, that the greater 
he concentration of sodium cyanide and the smaller the volume of solu- 
tion injected the more abrupt and intense was the re.spiratory stimulation. 

permhtecrthetf T (C. P. Merck), ivliich 

ume withm!r ^ effective dose of cyanide in small vol- 

me without significant alteration in blood volume or velocity of blood 

flow, proved the most suitable concentration. The injections ^efe made 
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rapidly from a graduated 1 c.c. Luer syringe into a large peripheral vein, 
usually the antecubital vein of the forearm, of resting subjects vhose 
cooperation had been gained previously. Initial ineffective amounts of 
C 3 ’anide ivere gradually increased until a marked respiratory response 
vas obtained. Later, however, only doses within the effective range for 
respiratory stimulation were administered. 

The intensity of respiratory stimulation was, in general, proportional to 
the quantity of c.yanide injected. Small amounts, sucli as 2 to 4 mg., 
caused indefinite respiratorv reactions, Avhereas large doses, as 10 to 
20 mg., produced inten.se d.vspnea, labored breathing and tachj^cardia. 
The quantity of c.yanide required to cause a moderately' intense or optimal 
respiratoiy response varied eonsiderablj’ but was roughl.y proportional to 
bod.v weight. In 35 normal® subjects the optimal dose of c.vanide, when in- 
jected into tlie aniecuhiial vein of the forearm, ranged from 5 mg. to 10 mg. 
corre-sponding to 0.25 to 0.5 c.c. of 2 per cent aqueous .solution of sodium 
e.yanide, or 0.07 mg. to 0.1.9 mg. per kg. of bod.v weight. The average opti- 
mal dose was 7 mg. or 0.35 c.c. of 2 per cent solution, or 0.11 mg. per kg. of 
bod.v weight. 

The optimal dosage of sodium cyanide required for jugular injection 
was approximatel.v two-thirds of the antecubital dosage. It varied from 
3 to 6 mg., corresponding to 0.15 to 0.3 c.c. of 2 per cent solution of sodium 
c.vanide, or 0.05 to 0.1 mg. per kg., with an average value of 4 mg., equiva- 
lent to 0.2 c.c. of 2 per cent solution, or 0.06G mg. per kg. 

The quantity of e.yanide required to cause an adequate respiratoiy reac- 
tion, however, may in certain instances differ b.y 100 per cent from the cal- 
culated dose. This is partieularl.y true in pathological conditions Avith 
dy'^spnea in Avhich smaller amounts of e.yanide must be administered. The 
nature of the respiratory re.sponse and c.yanide dosage in disease Avill be 
discussed in a later publication. 

The range of safe effectiA'C dosage in noi-mal subjects Avas found to be 
AA'ide. Three times the optimal dosage of c.yanide Avas administered Avith- 
out untOAvard reactions. 

The Effect of Cyanide on Bespiraiion . — The optimal intensity of respira- 
tory^ response to cymnide Avas characterized by' a sudden abrupt onset 
AA’hicli interrupted the existing phase of respiration, rapid progression to 
maximal intensity of respiration, and prompt return to normal breathing. 
The amplitude of respiration inAmriabty increased several fold, in striking 
contrast to the rate of respiration AA'hich AA'as but little accelerated and oc- 
casionally sloAved. The duration of increased respiration varied from 15 
to 30 seconds in normal subjects, usualty about 20 seconds. No unpleasant 
subjective responses accompanied optimal respiratory^ stimulation in nor- 
mal subjects. The cymnide reactions caused respiratory^ discomfort onty 
when maximal A’^entilatory^ responses Avere produced. 

*The term normal refers to normal adults without disease, and to convalescent hos- 
pital patients who presented no evidence of circulatory, respiratory, hemic or metaDonc 
disease at the time of observation. 
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The Efi'oci of Cyanide on ihe CiVci(?a/ioB.— Coincident with, or immedi- 
atelv after, the onset of increased respiration an acceleration ot the hear ■ 
rate of 10 to 15 beats per ininntc generally occurred which persisted from 
three to five minutes. Rarely the heart rate decreased. 

Inactivation of Cj/fluidc.— Precise observations on the rate of cyanide in- 
activation in man were not made. The observations, however, on the per- 
sistence of the eflhet of cyanide on respiration and circulation indicate 
that the effect is transient, lasting only a few minutes, and are in agree- 
ment Avith the rate of inactivation of sodium cyanide in man observed by 
Loevenhart.^^ 

No accidents or undesirable sy.steniie reactions have occurred in our ex- 
perience Avith cyanide administration. Local pain of .short duration has 
folloAved perivascular infiltration Avith cyanide, but in no instance lias 
thrombosis or necrosis occurred. We belicA'C tbal sodium cyanide can be 
administered to man Avithin a Avide range of dosage and cause clcar-cui 
stimulation of respiration Avithout un]ileasant side effects or seriou.s 
consequences. 


THE REACTION TIME OP CYANIDE IN NORMAL SUBJECTS 


All measurements of the cyanide reaction time Avere made in sub.ieels 
Avlio had been resting in the recumbent position for tAventy minutc.s or 
until the heart rate and blood pressure Avere constant. For aecui’ate ve- 
suits it Avas found essential to avoid excitement Avliich Avas liable to folloAV 
venepuncture. To minimize this effect the sites of cyanide injection Avere 
anesthetized Avith novocaine. This is particularly important in sensitive 
areas such as the foot and neck. Venous sta.sis, AvJien required for A'onc- 
piuictiire, Avas released promptly, and a time interval alloAved for adequate 
restoration of nonnal venous blood floAV before injection. Tlie arm in 
Avhich the injection Avas made, rested at the level of the right auricle. 
Optimal amounts of sodium cyanide in 2 per cent solution, sufficient to 
produce unequiA’oeal signal reactions, were then injected rapidly intra- 
venously so that the duration of injection rarely exceeded 0.5 second. 


An objective measure of the reaction time of cyanide Avas aeconi- 
plished by the- combined use of kymograph, pneumograph, signal magnet 
and time marker for automatic registration of the time of injection and the 
onset of the respiratory reaction. An example of such graphic regi.stra- 
tion of the reaction time is shoAvn in Pig. 1. As subsequent obserAmtions 
shoAved that the reaction time measured with a stopwatch coincided with 
that obtained with graphic registration, the former simpler method was 
adopted as adequate in routine determinations. 

To secure separate measurements oj the pulmonary and perinlieval 

irroveTffT ™bseq„cnt iujeetious rverc 

employed: (a) A peripheral yein of the forearm or the foot denenclin"- 

upon the peripheral circulation to be studied. For reasons discussed sub 

equently, the circulation times from these sites of injection ivere llled 
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the arm-to-carot,icl or foot-to-carotid circulation time, (b) The external 
jugular vein. This gave a measure of the crude pulmonary circulation 
time but included a short peripheral venous pathway. By difference the 
venous velocity index was derived, thus providing a practical estimation 
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Figr. 1. — Grapliic registration of tlie cyanide circulation time in subject P. M. I Arm- 
to-carotld circulation time. 11 Crude pulmonary circulation time. Ill Foot-to-carotid 
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Fig. 2. — The arm-to-carotid circulation time in seconds, in 35 normal subjects. 


of the velocity of venous blood flow, but not an exact measure of the cir- 
culation time from the point of injection to the right side of the heart. 

The arm-to-earotid circulation time (antecubital injection) was deter- 
mined in 35 normal subjects. In 21 of the 35 subjects the crude pulmonary 
circulation time (jugular injection) was also estimated. The arm-to-ea- 
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rotici reaction times and other observations are presented in Table I. The 
cyanide reaction time varied between 9 and 21 seconds ; the average reac- 
tion time Avas 15.6 seconds. These values are in harmony Avith those ob- 
tained by the radium emanation method'^ in normal subjects in AAdiich the 
average arm-to-arm time Avas 17.5 seconds. It is of interest that the dis- 
tribution of the cyanide reaction times (Fig. 2) is also similar to that ob- 
tained by the radium emanation method. The arm-to-carotid reaction 
time, the crude pulmonary circulation time, and the peripheral arm venous 
velocity index together Avith other obseiwations are presented in Table II. 
The average heart rate, blood pressure, and Autal capacity support the con- 
tention that the findings on the A^elocity of blood floAV AA^ere measured under 
adecpiately normal conditions. The average crude pulmonary circulation 
time Avas 10.6 seconds, ranging from 7 to 14 seconds. The distribution 
curve is shoAAm in Fig. 3. Here again, both average and extreme values and 



7 8 9 10 II 12 13 14 15 

Fig. 3. — Crude pulmonary circulation time in seconds in 21 normal subjects. 

character of distribution are in agreement AAuth the crude pulmonaiy cir- 
culation times obtained bj'' the radium emanation method.® 

The index of A^enous velocity, Avhich is derived by subtracting the crude 
pulmonary circulation time from the arm-to-carotid circulation time, ex- 
presses the circulation time for approximately three-quarters of the venous 
pathAvay from antecubital vein to heart, not the entire arm-to-heart circu- 
lation time. The venous circulation time, according to observations AAntli 
the radium emanation method, is more variable and of less significance 
than the pulmonary circulation time. The same is true in this studjL The 
individual measurements (Table II) ranged from 1 to 9 seconds. The aA'- 
erage venous A^elocity index for the 21 subjects Avas 4.5 seconds. These re- 
sults are in accord Avith those of the radium emanation method in AA^hich the 
average aim-to-heait circulation time aa’us 6.6 seconds. If allowance be 
made for the shorter patliAvay represented by the venous velocity index, 
the results obtained Aifith these methods become almost identical. 
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This method for estimating tlie velocity of venous blood flow can he em- 
ployed in other regions of the bodj^ To demonstrate the feasibility of 
this application of the cyanide method Ave have estimated the venous cir- 
culation time in both arm and leg in 10 individuals. 

The venous circulation time of the arm was determined in the usual 
manner. The venous circulation time of the leg was obtained by injection 
into a dorsal vein of the foot. The dosage of C 3 mnide required for the foot 
injection Avas found to be approximately 1.5 times the amount effective 
Avhen injected in the arm. This ditferenee in dosage is distinctlj^ less than 
that AAuth the histamine method. The leg circulation time A\’as consider- 
ably longer than the arm circulation time (Table III) , as shoAAui by the aA^- 
erage Amlue of 15.1 seconds and 6.4 seconds, respecth'ety. This difference 
is explained bj’- the longer venous pathAA'a.y from the foot to the heart. 

B.y estimating the reaction time at different leyels in the same A'^enous 
patliAvaj’’ the circulation time for tlie designated portion can be ascertained. 
Such a differential estimate of the A'elocitA^ of blood Aoav in various por- 
tioiAS of tbe A'enous s.y.stem ma.y be of aid in a number of diagnostic prob- 
lems. This procedure Avas undertaken in one subject Avho had many A^ari- 
eose leg veins. Consecutive injections Avere made into a dorsal vein of the 
foot, the great saphenous vein at the knee and the femoral vein at the groin. 
The reaction times Avere 46, 28, and 12 seconds, respeetivel.A'". 

A Comparison of the Besults Obtained htj the Radium, Histamine and 
Cyanide Methods. — To confirm the reliabilitj^ of the c.Amnide method Ave 
have compared our results Avith those of the histamine as Avell as the radium 
emanation methods. The histamine method affords a measure of the cir- 
culation time from the arm to the small blood A’^essels of the face and brain ; 
AA'hereas the radium method measures the circidation time from the ante- 
cubital vein of one arm to the large brachial arteiy of the opposite arm, a 
patliAvaj^ more clearlj'- defined and less subject to A'ariation. The patliAA’aj’S, 
therefore, differ fundamentalty in character and in length. This is re- 
flected in the difference in circulation time obtained Avith the tAVO methods. 
The histamine reaction time, because of the peripheral location of its site 
of reaction, is consistentlj’’ longer than the arm-to-arm circulation time of 
the radium method. 

The results obtained AA'ith each method and the A>’ascular patliAA^aj^s used 
are presented in Table IV. There is practical agreement throughout be- 
tAveen the results obtained AAutli the radium and ej'^anide methods, indicat- 
ing that in normal subjects the reaction time to cyanide is a trustAA^orthy 
measure of the circulation time. The longer average histamine reaction 
time of 23 seconds, hoAA^ever, contrasts strikingly'- Avith the cyanide reaction 
time of 15.6 seconds. Although a someAvhat shorter reaction time had been 
anticipated because of the possibty greater rapiditj^ of action of cj^anide, 
such divergence betAA'een the results obtained AA-ith methods employdng 
pathways regarded as essentially’" the same required explanation. 
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To A^erify the existence of a significant difference betAveen the reaction 
time obtained Avith the tAVo pharmacological methods Ave estimated the re- 
action time of both cyanide and histamine in 8 subjects under identical 
conditions but not simultaneously. These observations, Avhich are re- 
corded in Table V, clearly shoAV that in the same individual the cyanide 
reaction time Avas, Avithout exception, shorter than that of histamine. The 
difference Amried from 4 to 9 seconds AAuth an average difference of 6.5 sec- 
onds, AA'hich is of sufficient constane.y and magnitude to indicate an essen- 
tial difference in the vascular site of reaction. 


Table IV 

Comparison of Circulation Timf.s in Normal Subjects Determined by the Kadium 
Emanation, Cyanide and Histamine Methods 


A’ASCULAR PATHAVAY 

RADIUM emanation 

METHOD 

1 

CYANIDE 

METHOD 

HISTAMINE AIETHOD 


AVERAGE 

RANGE 

AVERAGE 1 

RANGE 

AVERAGE 

RANGE 


SEC. 

SEC. 

SEC. 

SEC. 

> SEC. 

SEC. 

Ann to heart 

Arm peripheral venous 

6.6 

2-U 

4.5 

1-9 



Crude pulmonarj' 

10.8 

5-17 

lO.C 

7-14 



Arm to arm 

Arm to carotid 

Arm to face i 

17.5 

14-24 

15.6 

9-21 

1 

23 

1 

13-30 


Table V 


Comparison of Histamine and Cyanide Circulation Times in the Same Indiaudual 


NAME 

AGE 

DIAGNOSIS 

HISTAMINE 
REACTION TIME 
ARM TO FACE 

CYANIDE 
REACTION TIME 
ARM TO CAROTID 

difference 

C. D. 

E. E. 

M. T. 
Q.V. 

E. C. 

J. M. 

E. D. 

P. E. 

YEARS 

25 

27 

37 

48 

50 

56 

60 

57 

[Amputation of leg 
Neurosis 

Tonsillitis 
Amputation of leg 
Peptic ulcer 
Cholecystitis 
Arthritis 
Arteriosclerosis 

SEC. 

22 

19 ! 

23 

18 • 

19 

28 

26 i 

18 I 

SEC. 

15 

13 

17 

12 i 

13 i 
20 

17 

14 

sec. 

-7 

-6 

-6 

-6 

-6 

-8 

-9 

-4 

Average 



21.6 

15.1 

-6.5 


ves!* of “““ "PO” «■'* 

tinn n mainly to its primary ac- 

n le small veins. The reaction time of histamine therefore is 

1) Mmal pomt of the large avtenes, as is the ease with the radium 












664 


THE AIMEIUCAN HEART JOURNAL 


method. We have, previously, attributed the prolonged reaction time of 
the histamine method to a considerable slowing of blood flow in tlie smaller 
vessels. Hering^® estimated the capillary circulation time to be 5 seconds ; 
according to Koch’s observations^ the capillary time Avould correspond to 
8 seconds in man. Similarl.y, in this laboratory, studj^ of capillaries by di- 
rect observation showed the rate of blood flow to be slow. 

In contrast to histamine our knowledge of the site of action of cyanide 
in man is meager. The increase in respiration caused by its administration 
has been assumed to be due to the direct action of cyanide on the respira- 
tory center. This would require that cyanide must also be delayed in ar- 
riving at the respiratory center, because of Ihe similarity in blood supply 
and circulation time to the skin of the face and the brain.® Thus, unless 
there is a considerable difference in the rapidity of action of these 
two substances after their arrival in the capillaries of the brain, their re- 
action time should be in close agreement. Since the large difference of 
6.5 seconds between the two methods cannot be ascribed to a more rapid ac- 
tion of cyanide after its arrival, it must be explained by a shorter pathway 
and circulation time of the blood to the site of cyanide action. Such a 
postulation would exclude the respiratory center as the site of cyanide 
stimulation of respiration. 

The recent investigations of Heymans, Bouckaert and Dautrebande,-“ 
confirmed by Owen and Gesell,-^ have thrown new light on the mechanism 
of the action of cyanide on the respiration. By denervation experiments 
in animals these investigators demonstrated conclusively that sodium 
cyanide exerts its action predominantly upon the carotid sinus, a portion 
of the common carotid artery near the bifurcation and in contact with the 
resijiratoiy center thx’oiigh afferent nerves ; and that sodium cyanide has 
little or no effect directlj^ upon the respiratory center. They further ob- 
served that the stimulation of respiration occurred instantaneously after 
the injection of cyanide into the common cai'otid artery. According to 
this evidence the reaction time to cyanide is the time required for blood to 
flow to the carotid sinus of the carotid artery. This provides a rational ex- 
planation for the shorter reaction time of the cyanide method, and also its 
correspondence with the results obtained with the radium emanation 
method. 

Since the action of cyanide on the carotid sinus of man has not been 
demonstrated, we resorted to indirect methods to throw additional light on 
the mechanism of cyanide action in man. 

In order to ascertain whether or not the cyanide reaction time corre- 
sponds to the time required for the blood flow to reach the carotid artery, 
the cyanide reaction time and the actual circulation time were determined 
simultaneously in 7 individuals. An adequate amount of sodium cyanide, 
dissolved in 5 c.c. of a 50 per cent glucose solution was injected rapidly 
into the anteeubital vein of the arm and the circulation times of both the 
cyanide and the glucose were determined. The usual method of register- 
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ins the reaction time of cyanide was used. The circulation time of glucose 
was determined by its appearance in the arterial blood, as shown m b ooc 
samples obtained from the femoral artery at known intervals of time.^ in 
each case satisfactory estimations of both circulation times were obtained 
similar to those reported for subject M. I. in Fig. 4. The results for t le 



Fig. 4 . — Simultaneous determinations of the arm-to-femoral glucose circulation time and 
arm-to-carotid cyanide reaction time in seconds, in subject M. I. 


Table VI 


Comparison of Circulation Times Determined Simultaneously by the Glucose 

AND Cyanide Methods 






GLUCOSE 

CYANIDE 


NUM- 

NAME 

AGE 

DIAGNOSIS 

CIRCULATION TIME 

CIRCULATION TIME 

DIFFER- 

BEK 




ARM TO FEMORAL 

ARM TO CAROTID 

ENCE 





SEC. 

SEC. 1 

1 1 

SEC. 

1 

H. S. 

46 

Pneumonia, conva- 







lescent 

11 

13 

+2 

2 

M. R. 

49 

i Arteriosclerosis 

14 

14 

0 

3 

M. I. 

49 

Arteriosclerosis, 





1 

hypertensive heart 
disease 

; 15 

13 

-2 

4 

F. P. 

62 

Hypertensive heart 







disease 

19 

17 i 

-2 

5 

B. M. 

62 

Hypertensive heart 


j 


6 

P. P. 


disease 

25 

23 

-2 

68 

Arteriosclerotic 




J. F. 


heart disease 
decompensation 

26 

i 

24 

-2 

7 

49 

Luetie heart disease 






decompensation 

28 

25 

-3 




Average 

19.7 

18.4 

1 

-1.3 


seven subjects are summarized in Table VI, and show remarkably eh 

agreement of the reaction time of cyanide and the circulation time of 1 

majority of subjects the eirculati 

reaction h cyani 

action tune. The average prolongation of 1.3 seconds corresponds close 
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to tlie longer arterial circulation patlnvay of the blood to the femoral artery 
than to the carotid artery. This difference of 1.3 seconds is the more sig- 
nificant, as opening of the femoral artery should theoretically increase the 
velocity of blood fiov in that vascular area. The close agreement then be- 
tween the reaction time of cyanide and the circulation time to the femoral 
artery we accept as substantial, although indirect, evidence that in man 
as well as in animals sodium cyanide acts upon the carotid sinus. Thus the 
cyanide reaction time measures the velocity of blood fiow between an 
arbitrarily chosen vascular area and a large arterj'-, as does the radium 
emanation method. It may also be concluded from the close agreement of 
reaction time and circulation time in man, as well as by animal experi- 
ment,"® that cyanide provokes an immediate increase of respiration upon 
arrival in the carotid sinus ; and that the time required for cyanide to act 
after arrival must be a negligiblj'^ small part of the total reaction time. 
This state of affairs makes sodium cyanide a particularly adaptable sub- 
stance for the measureinent of the velocity of blood flow. 

The Effect of Dosage on the Reaction Time . — A delay in the occurrence 
of the respiratorj’’ response to cyanide was observed Avhenever only slightly 
effective doses of cyanide were used. To find out whether the reaction time 
of cyanide varied with the dosage, it was administered in amounts to cause 
varying degrees of response, and the reaction time to each was determined. 
A suboptimal response was usually associated with a prolongation of re- 
action time vaiying from 3 to 10 seconds; whereas, with all doses sufficient 
to call forth an abrupt, definite stimulation of respiration, the reaction 


Table VII 

The Effect of Dosage on the Reaction Time of Cyanide (Subject E. G.) 


time of 

determination 

HEART RATE 

SODIUM CYANIDE 

INJECTED 

REACTION TIME 

INTENSITY OF 
REACTION 

1 

PER MIN. 

MG. 

SEC. 


1:36 p.M. 

76 

2 

... 

0 

1:40 

76 

4 

• . • 

0 

1:46 

76 

5 

22 

1+ 

1:51 

78 

6 

18 

2+ 

2:06 

76 

7 

17 

2+ 

2:15 

78 

8 

16.5 

3+ 

2:22 

76 

9 

16 

3 f 

2:32 

76 

10 

16 

4+ 

2:46 

78 

12 

16 

4+ 


times were remarkably constant. The results obtained in one of numerous 
experiments are presented in Table VII. The dose of 5 mg. (0.07 mg. per 
kg.) produced only a mild reaction occurring 22 seconds after injection; 
whereas 7 mg. caused a satisfactorj'’ reaction with a reaction time of 17 
seconds which was not altered significantly with larger doses, although the 
intensity of reaction was increased. Thus, the reaction time of cyanide is 
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GGT 


signiricanily aircctod by llie dosage only M'hen amounts are employed llml 
do not give dear-cut, sudden respiratory read ions. 

J^epcafcd Edimaiiom of IJk’ Eciicfiou Time ia In order to 

ascertain beyond doubt, the feasibility of employing the cyanide method at 
frequent intervals, repeated estimations were made of tin; reaction time of 
cyanide at dose intervals of time in eight normal s\ib.iects. In each in- 
stance an optimal quantity was administered, and the heart rate* was per- 
mitted to return to normal before subsccpient in.icctions were given. The 
number of determinations, as indicated in Tabh; \ III. varied from .'1 to S 
for each subject, and the time intervals between injections from 4 to 19 
minutes. The reaction times in the .same individual agreed as a rule witliin 
2 .second.s. In .subjects .1, D., K. 11.. and 4. K. the maximal difference of :i 


T.Mu.r.VIir 


l{r.i*K-.ma> Dktkhmin.m'ionk or thk inwcrios Ti.mk or Cv.\niiik 


K.IMK 

AOK 

1 

j 

, 1 
DIAdNOSIS 1 

llK.UtT 

ItATK 

1 

NCMIiKI! j 
oi" i)KTi:i:- 1 
MI.NATION.*^ j 

i AVKKAOr 

yiMK, INTr.UVAlJ 

i iorrvvr.rN m;- 
Itkumin.vtion.":: 

i 

i itANor. or 

1 nr.ACTioN 
! TI.MK 

i 




I'KIt .MIN. 


MIN. 

1 src. 

.T. r. 

17 

Tonsillitis, convnlcsfont 

00 

.3 

‘ 10 

Id-lO 

Q. V. 

4S 

Ainput.'itidii of log 

SO 

.3 

! -1 

12-1-! 

.T. L. 

•It 

Diain'tos 

7.S 



10.17 

It. D. 

00 

•\rlliritis 

e,H j 

■1 

! '! 

UMS 

P. M. 

‘20 

Adenitis, eonvalosccnt 

70 ! 

f) i 

i 12 

17.1vS 

•T. D. 

30 

Burn, conv.'ilcHcont i 

7.S ! 

r> 1 

13 

1S.22 

It. E. 

27 

i’eptio iilciT 

ss 

7 1 

10 1 

0-1 3 

J. It. 

31 

Ncuro.sis j 

1 

.S2 

K j 

i 

11 

1 

13-10 


to 4 seconds was associated with rest le.ssnc.ss which ocenrred after freepumt 
lepetitions of tlie te.st. The time intervals represented here do not e.xpre.ss 
the shortest interval possible bet ween estimations, f(»r no attempt was made 
to estimate this aspect precisely. We have, howev(?r, observed froipientlv 
that the estimation of the cyanide reaction time can be repeated .satisfac- 
torily at 3 to 5 minute intervals provided that the heart rate has returned 
to normal before subsequent estimations are made. 




n outlining the problem of this inve.stigation it was stated that the 
cj amde method, in order to be suitable for measuring the velocitv of blood 
ow m man, should fulfill certain prerequisites. In the light, of o'ur experi- 
ence cyanide fulfills these requirement. s in tlie following manner : 

"0 effects folloived its admiiiislration 

uscinZn dose t„ 
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Cyanide does not influence the velocity of blood flow during the first cir- 
culation of the blood after injection until the respiratorj^ response has oc- 
curred. This is supported by the absence of any change in the heart 
rate, pulse or arterial blood pressure prior to the occurrence of increased 
respiration. 

The inactivation of cyanide and the disappearance of its effect progress 
rapidly in the bodjL The more pronounced stimulation of respiration is 
fleeting, lasting for only several seconds, whereas the increase in heart 
rate, although of longer duration, rarely i^ersists more than a few minutes. 
In the average normal person, the effect of cyanide has disappeared in 3 to 
5 minutes, so that the administration may then be repeated. 

The change in respiration caused by cj’anide is eminently suited for the 
role of signal reaction. The abrupt onset and conspicuous increase in 
amplitude occur at any phase of the normal respiratory ej’^cle and can be 
promptlj' detected and accurately registered either by graphic registra- 
tion or bj" stopwatch. 

The time elapsing between the arrival of ejmnide and ensuing increase 
in respiration is a negligihlj" small fraction of the entire reaction time of 
cyanide. The unusual sensitivity of the respiratory mechanism to cya- 
nide, the abrupt nature of the reaction and, most important, the close 
agreement betAveen circulation time and reaction time leave little room for 
doubt that reaction occurs immediately after arrival of cyanide in the ca- 
rotid sinus. 

The simplicity of the cyanide method, which requires only a syringe, 
cyanide solution and stopAvateh, makes possible its prompt application by 
one person in practically any position or condition in AA'hich the subject 
maj^ be. Additional observations during exercise in this laboratorj’’,-- and 
in pathological conditions,-^ confirm the feasibility of its use under a va- 
riety of conditions. 

The reliability of the reaction time as an accurate measure of the circu- 
lation time in large Amssels has been demonstrated by the agreement be- 
tAveen the results obtained AAuth -the cyanide method and Avith the radium 
emanation and glucose methods knoAA'ii to exclude the circulation time in 
small Amssels. Additional eAudenee concerning the cjmnide patliAA'ay has 
been provided by the consistent disagreement AAuth the histamine method 
knoAAm, on the other hand, to include the circulation time in small blood 
vessels. According to this eAudence the cyanide method measures the cir- 
culation time to a large artery, AA'hich wordd imply that the I'espiratory 
stimulation is initiated in or near a large Amssel. The close correspondence 
between the reaction time of cj^'anide and the circulation time of the blood 
to the carotid artery lends support to this thesis, and is consistent AAuth the 
location of the site of cjmnide action in the carotid sinus in man. 

Separate estimations of the Amnous and pulmonary circulation times 
haAm been feasible AAUth the cyanide method, and the accuracy of these 
measurements verified by comparison AAUtli the radium emanation method. 
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The cyanide method measures the pulmonary circulation time between the 
hwular vein and the carotid artery in man, which is the identical pathway 
nmasured in animals by Stcwarf"‘ with the aid ot his conductivity method. 
The application of the cyanide method for measuring tlie venous circula- 
tion time in various regions of the body and in the various portions of the 
same vessel has been described, and the feasibility demonstrated by studies 
in normal subjects. 


SUMMARY AND CONCLUSIONS 


1. Sodium cyanide in amounts sufficient to stimulate resjuration lias 
been injected intravenously in thirty-five normal individuals, and the ef- 
fects on the circulation and respiration have been observed. 


2. The optimal dose of cyanide varied with the weight of the subject, and 
with the site of injection. The average optimal dose for injection into the 
anteeubital vein was 7 mg., eorrc.sponding to 0.35 c.e. of 2 per cent solution 
of sodium cyanide or 0.11 mg. per kg. With jugular vein injections a com- 
parable effect was obtained with approximately two-thirds of the ante- 
cubital dose. ^Por foot injection, one and one-half times the anteeubital 
dose were required. 

3. The time elapsing between injection and the occurrence of increased 
respiration corresponded closely to the circulation time. 

4. A simple method that registers the circulation time graphically and 
automatically is described. 

5. Two sites of injection were used for measurement of pulmonary and 
peripheral venous circulation times: (1) The external jugular vein of 
the neck which measures the pulmonary circulation time,- (2) the ante- 
cubital vein of the forearm or a super6cial vein of the foot which measures 
the arm-to-carotid or foot-to-earotid circulation time. By difference the 


arm or leg venous circulation time is derived. 

6. The average arm-to-earotid circulation time in thirty-five normal 
subjects -was 15.6 seconds; it varied betAveen .9 and 21 seconds. The av- 
eiage jugular-to-carotid or “cnidc pulmonary circulation time” in 
twenty-one subjects Avas 10.6 seconds, ranging from 7 to 14 seconds. The 
average arm index of venous velocity Avas 4.5 seconds. In 10 individuals 
the venous circulation time from the foot Avas found to be 15.1 seconds. 

7. The reliability of the reaction time of cyanide as a measure of the 
velocity of the blood flow has been shown by the remarkably close agree- 

nient with the circulation times obtained Avith the radium emanation and 
glucose methods. 

««<!tion time of cyanide was constant when sudden clear-cut 

»Sr°awy'“' 

siHc5tm,?Vl™fi“'' "'itl. cyanide were tea- 
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10. Evidence is presented that cyanide exerts its action upon the carotid 
sinus in man. 

11. The cyanide method is a simple, reliable and objective method for 
estimating the velocity of blood floAV of the various circulatory iDathways 
of man. 


We wish to express our appreciation to Dr. Benedict F. 
in this study. 


REFERENCES 


Massell for his assistance 


1. Koch, E.: Die Stromgcschwindigkeit dcs Blutcs, Deutsches Arch. f. Min. Med. 

140: 39, 1922. 

2. Stewart, G. N.: Kesearclies on the Circulation Time in Organs and on the Influ- 

ences Which Affect It. I. Preliminary Paper, J. Physiol. 15: 1, 1894. 

3. Blumgart, H. L., and Yens, 0. C.: Studies on the Velocity of Blood Plow. I. The 

Method Utilized, J. Clin. Investigation 4: 1, 1927. 

4. Blumgart, H. L., and Weiss, S.: Studios on the Velocity of Blood Plow. • II. The 

Velocity of Blood Plow in Normal Besting Individuals and a Critique of the 
Methods Used, .1. Clin. Investigation 4: 15, 1927. 

5. Blumgart, H. L., and Weiss, S. : Studies on the Velocity of Blood Plow. VII. The 

Pulmonarv Circulation Time in Normal Besting Individuals, J. Clin. Investi- 
gation 4: 399, 1927. 

6. Bornstein, A.: Ueber die Messung dcs Kreislaufzeit in der Klinik, Behandlung- 

en des Kongresses fiir Innere Medizin 29: 457, 1912. t 

7. Loevenhart, A. S., Schlomovitz, B. H., and Seybold, E. G.: The Determination 

of the Circulation Time in Babbits and Dogs and Its Belation to the Beaction 
Time of the Eespiration to Sodium Cyanide, J. Pharmacol. & Exper. Therap. 
19: 221, 1922. 

S. Weiss, S., Eobb, G. P., and Blumgart, H. L.: The Velocity of Blood Plow :n 
Health and Disease as IMeasured by the Effect of Histamine on the Minute 
Vessels, Am. Heart J. 4: 1, 1929. 

9. Kahler, H.: Ueber Veriindcrungen dor Blutumlaufszeit (Ein Beitrag zum Prob- 
lem der Blutgeschwindigkeit), Wien. Arch. f. inn. Med. 19: 1, 1930. 

10. Winternitz, M., Deutsch, J., and Briill, Z.: Eine klinische brauchbare Bestim- 

mungsmethode der Blutumlaufszeit mittels Decholiniujektion, Med. Klin. 27: 
986, 1931. 

11. Meldolesi, G.: Bull. e. atti d. r. Accad. med. di Eoma 52: 267, 1925-1926. 

12. Koch, E. ; Die Bestimmung der Kreislaufzeit des Blutes, Handb. d. biol. Arbeits- 

methoden 5: 345, 1928. 

13. Loevenhart, A. S., Lorenz, W. F., Martin, H. G., and Malone, J. Y.: Stimulation 

of the Eespiration by Sodium Cyanide and Its Clinical Application, Arch. 
Int. Med. 21: 109, 1918. 

14. Sollmann, T. : A Manual of Pharmacology, Philadelphia and London, 3rd ed., 

1926, W. B. Saunders Company. 

15. Juergens (quoted by Sollmannis) : Monscli. Ohrenhk., No. 8, 1901. 

16. Geseheidlin, E. : Ueber das constante Vorkommen einer Schwefelcyanverbindung 

in Harn der Laugethiere, Arch. f. d. ges. Physiol. Bonn 14: 401, 1876-7. 

17. Neneki, M., and Sieberowa, N.: Przyezynek do Nauki o saku zotadkowym i 

sktadzie chemieznym (quoted by Sollmanni'i), Gas. lek. Warszawa 21: 422, 
1901. 

18. Solis Cohen, S., and Githens, T. S.: Pharmaco-therapeutics, Materia Medica 

and Drug Action, New York, London, 1928, D. Appleton & Co. 

19. Hering, E. : Quoted by Koch,* Arch. f. Phys. Heilkunde 12 : 112, 1853. 

20. Heymans, C., Bouckaert, .1. J., and Dautrebande, L.: Sinus Carotidien et 

Eeflexes Eespiratoires. III. Sensibilite des Sinus Carotidiens aux Substances 
Chimiques. Action Stimulante Eespiratoire Eeflexe du Sulfure de Sodium, 
du Cyanure de Potassium, de la Nicotine et de la Loudline, Arch. Internat. 
de pharmacodyn. et de thcrapie 40: 54, 1931. 

21. Owen, H., and Gesell, E.: Peripheral and Central Chemical Control of Pul- 

monary Ventilation, Proc. Soc. Exper. Biol. & Med. 28: 765, 1931. 

22. Ellis, L. B.: Circulatory Adjustments to Moderate Exercise in Normal Indi- 

viduals, With Particular Eeference to the Interrelation Between the Velocity 
and Volume of Blood Plow, Am. J. Physiol. 101: 494, 1932. 

23. Eobb, G'. P., and Weiss, S.: Unpublished observations. 

24. Stewart, G. N.: Eesearches on the Circulation Time in Organs and on the In- 

fluences Which Affect It. II. The Time of the Lesser Circulation, J. Physiol. 
15: 31, 1894. 



A method for obtaining 35LOOD BRESSURE BY ARTERIAL 
COMPRESSION AND SIMULTANEOUS CAPILLARY 
OBSERVATION^ 


J. Q. Giuffith, Jk., i\I.D., and lii;ox II. Codijn.^, 'lit., jM.D. 

PllILADKIA'lllA, Pa. 

T he ordinary method.s for obtainin},' blood pressure readiu'rs in man 
arc dependent upon doloelion of a pulsation oitber by palpation, aus- 
evdtation, or by recording instruments. In tin; oeeasionnl ease in ■\vliieb 
tliere i.s no pulsation the only inetbod available is direct eannuli'/.ation or 
needling. Although needling, that is, arteritd jnmeture. can be done uith 
impunity by the e.vperieneod, in the hands of the inexjiei't it may involve 
eonsidcrablc pain and even a slight risk of lo(*al damage. It should also 
be noted that the operator usually locales the bi-aebia1 artery by palpa- 
tion before inserting the needle, AVhen there is ni> pulsation, this guide is 
lost and the difficulty of the ^irocedure is increased. 

In 1930 a patient of Dr, Francis Grant, uas admitted to the University 
Hospital on the neurosurgical service of Dr, C. II. Framer, and subse- 
quently transferred to the ward of the medical clinic. 'Ibis man presented 
a number of interesting clinical features which will be reported separately 
by Drs. M. BoAvie and L. II. Collins. For the purpose of this eommuniea- 
tion it is sufficient to state that he was a man aged forty-two years Avith 
aneurj'sm of the aorta presumably luetic, a blood pressure in the legs vary- 
ing betAA’ecn 216-1G2 systolic and 100-44 diastolic, and a complete absence 
of pulsation in the neck or upper extremities. In addition, he was sub- 
ject to curious cerebral attacks, at times consisting of blindne.ss, at times of 
syncope, and at times of actual convulsions. Considerable interest, cen- 
tered around the question of the blood pre.ssure in the arms, which could 
not be obtained by the usual methods. One of us (4. Q. G.) Avas at that 
time making certain clinical capillary studies in conueetion with another 
problem, and it Avas sugge.sted he study this patient. Accordingly a series 
of obseiwation.s Avere begun AA-hich Avere interrupted by the jiatient 's de- 
parture from the Iiospital. The principle employed in these fir.st observa- 
tions AA'as that the brachial artery Avas occluded by the blood pressure 
cuff Avhen capillary Aoav could not be .seen, and Avas not. occluded Avhen floAv 
could be seen. This Avas in agreement Avith the Avoi’k of E. AVeiss.^ It 
Avas not realized at that time, hoAvcver, Iioav long the (Ioav in the minute ves- 
sels could continue after brachial occlusion. Subsequently the method 
was perfected, using normal subjects, so that Avhen the patient returned 
0 the h ospital in 1932 it was po.ssible to repeat the observation, this time 

Fou.uInUon of tl.e Hospil.U of lUo Unl- 
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with consistent and satisfactory results. After readings had been ob- 
tained by this indirect metliod, one of us (L. H. C., Jr.) secured a direct 
reading bj^ puncture of tlie brachial arteiy. 

2IctJiod: A microscope lamp witli a oOO-watt bulb is set up so that its rays fall on 
the stage of a microscope at an angle of 45°. A spherical liter flask filled with distilled 
water is interposed between the lamp and the stage, serving to absorb heat and also 
acting as a lens to concentrate the light at the center of the stage. An ordinary micro- 
scope is used with a 5 ocular and a 32 objective. On the side of the microscope op- 
posite to the lamp pillows are placed to support the patient’s arm. One of the patient’s 
fingers, usually the fourth, is inserted into a small wooden box. This box is shaped like 
a trough, with high sides but cut down ends. The finger is gently supported on the 
sides by plasticine and the box placed directly on the stage, with the arm resting on 
the pillows. A drop of immersion oil is then placed on the selected finger just back of 
the nail, and observation is begun. 

The area chosen is that just back of the limbus where invariably one sees at least 
one row of hairpin shaped capillaries coursing parallel to the skin. If this area has been 
destroyed and observations must be made on more proximal capillaries where only the 
tips arc visible, the procedure is much more difficult. A detailed description of the 
usual capillary bed has been taken up in a previous article.' 

It is most important to select capillaries favorable for observation. At this magni- 
fication individual red blood cells cannot be seen, and most of the capillaries show as 
solid red bands. The phenomenon to look for is that commonly known as “granular 
streaming,’’ which is shown when groups of red cells, usually five to ten in number, 
sweep along in clumps. 'When this is not present, blood flow is practically indctectable. 
Granular streaming is normally' present in a few capillaries, but it can be readily' pro- 
duced in many capillaries by placing a blood pressure cuff about the arm and pumping 
it up to thirty or forty millimeters of mercury pressure. Capillaries which show gran- 
ular streaming under these conditions will also show it under the conditions of the 
actual determination, and may therefore be regarded as suitable. It should be stated 
that the large red capillaries are usually the poorest for observation, for in them the 
cells are clumped and the flow is sluggish. Also, the best place to observe motion is at 
the junction of the arterial with the intermediate portion of the loop, that is, just at 
the arterial side of the tip. After a suitable capillary- or capillaries have been selected, 
the finger box is moved so that the desired area is in the center of the field. If the arm- 
let cuff has been partially inflated, it shoidd be completely deflated and a rest of at least 
two minutes allowed. 

It is now time to take the actual reading. The blood pressure cuff is quickly pumped 
up to a point above systolic pressure and clamped while the capillaries are watched. 
Ordinarily flow will continue for about a minute, perhaps a little more or a little less; 
and then certain of the capillaries, especially- those which previously- showed granular 
streaming, will appear to be filled 'U’ith stagnant granules. If the flow does not stop, 
it means that a point above systolic pressure has not been reached. There may be 
slight to and fro movements of the granules, but there should be no definite stream. 
Many of the capillaries, of course, continue to maintain the appearance of solid red 
bands. 

The pressure in the cuff is now slowly- lowered, and the point where flow first definitely 
returns is read on the manometer. This is taken as systolic pressure. For the first 
reading it is well to lower the pressure slowly but steadily so as not to take too much 
time and cause the patient too much discomfort. Thus an approximate reading is 
obtained, which is too low. Then, after a few minutes ’ rest the procedure can be re- 
peated, this time raising the pressure to twenty millimeters above the approximate 



GRlFFITII-CObLlNS : METHOD OF OBTAINING BI.OOD PRESSURE 673 

readinK Avaiting for cessation of flow, and tWn dropping it very slowly, so as to obtain 
as'aeeurato a reading as possible. Wl.on properly done, tlie end point ,s very clear and 


definite. 


SOURCES OP ERROR 


If the nail beds have been traumatized, as by manienring, the procedure 
is difficult because the most favorable areas for ob.servation have been 
destroyed. In negroes the method is impossible because of the pigment. 
Observation is difficult in those with marked tremor. Tliis may be cor- 
rected to some extent by strapping the box to the stage with adhesive tape. 

It is theoretically possible that some cases may be found in rvliieh the 
capillary flow cannot be entirely stopped regardless of the pressure in the 
armlet applied in the usual way. Lewis- has shown that blood flow in the 
forearm is not entirely stopped by the ordinary eutl; because of some 
anastomoses which pass through the bone itself. In some of liis work 
he was forced to use a cuff extending from shoulder to elbow. Tliis diffi- 
culty has not been met by us clinically. However, since realizing this pos- 
sibility we have learned that the effect of Lewis’ broad armlet can be ob- 
tained Avith the ordinary cuff if it is placed so that its lower portion in- 
cludes the upper portion of the elbow joint. We have taken this precau- 
tion in our later cases, though for all practical purposes it seems not to 
have made the slightest difference. 

It is possible that localized arteriolar constrictions might lead to lo- 
calized capillary floAV in the absence of flow in the larger A’cssels. To the 
be.st of our knowledge we have not seen tliis clinically, though to and fro 
moA^ements are common. We believe that this factor can be eliminated if 
repeated observations made on different capillaries be found to be in close 
agreement. 

One Avonld expect that all readings Avould be a little Ioav if the mercury 
Averc permitted to drop .steadily, for there must be an appreciable period 
betAveen the release of pressure in the brachial artery and initiation of 
floAv in the capillaries. Our results A\-ould seem to support this, but the 
more sloAAdy the pressure falls, the less the error. 

I inally, it has been suggested that in cases of increased Amnous pressure 
the floAv may not begin until the pressure is definitely beloAv systolic.’ 
We have no data concerning this, but haAm taken the precaution of raising 
the pressure quickly above systolic at the beginning ; and, if there has been 
a preceding period of venous congestion, Ave have ahvays alloAved several 
minutes’ rest before starting a determination. 

It must be remembered that all factors causing fluctuations in blood 
pressure Avill be as operative in this method as in any other. Thus Ave 
found It absolutely necessary to allow a patient Avho has just come upstairs 
from a ward at least five or ten minutes’ rest, with a blood pressure cuff 
111 P ace, before starting actual determinations. In practice, this period 
can readily be utilized in the selection of suitable capillaries. 



G74 


TJIE AMKUIUAN IIKAUT .lOUHKAI. 


liESULTS 

A considerable niiinber oi! iiersons were observed in wlioni tlie blood pres- 
sure could be obtained in tbe usual manner, lliat is, by auscultation. The 
systolic blood pressure obtained by capillary obsei-vation was found to 
vary between five and twelve millimeters of mercury lower than that ob- 
tained immediately afterward by au.scuKation. As examples the first five 
cases .studied are listed, though the others varied within the same range. 


ASK 

SYS. H.P. (aOSCUI.TATION) 

SYS. It.r. (CAI’IM 

1 

138 

130 

o 

108 

98 

3 

112 

105 

4 

112 

110 

5 

IGS 

1C2 


The patient with absence of pulsation in both arms was then reexamined. 
In his case it would seem to be correct to speak of mean pressure rather 
than systolic pressure in the brachials. It is to be rcealled that blood pres- 
sure in the logs was 1S2/S0 at the time of the determination. Readings by 
capillary method wore unu.sually clear and easy to obtain. iMean pressure 
was found to be 38 mm. of mercury in the right arm and 35 mm. in tlie left. 

This unusually low reading was not anticipated, though it was I’ccog- 
nixod that if such figures could be taken ns applying to the cerebral circu- 
lation they might readily account for the peculiar attacks of sjmeope and 
convulsions. Therefore, one of us (L. H. C., Jr.) attempted to measure 
the intra-arterial pressure in the upper extremity by a direct procedure. 
Though the brachial artery could not be palpated, the skin and .subcuta- 
neous tissue overlying the normal anatomical site of the artery were in- 
filtrated with 1 per cent novocaine. A No. 12 gauge steel needle connected 
to a 10 c.c. Lucr syringe with a threeway stopcock intervening between the 
two was used. The side arm of the threewaj' stopcock was connected by a 
piece of short rubber tubing to glass manometer tubing 1.5 mm. in 
diameter. 

The left brachial artery was found to be in normal position and was 
entered without difficulty. After about 3 c.c. of blood had entered the 
s.yringe, the stopcock was turned and the blood allowed to flow into the ver- 
tical manometer tubing. On repeated observations the maximum height 
to which the blood column rose was 410 mm. No pulsation was observed in 
the level of the blood in the manometer. If correction is made for the 
specific gravity of blood and of mercury, this gives a direct intra-arterial 
pressure of 32.2 mm. of mercury. Tliis compares fairly well with the read- 
ing of 35 mm. obtained bj^ the indirect capillary method. 

SUMMARY 

A method is described for obtaining blood pressure in the brachial artery 
by brachial compression witli a blood pressure cuff and simultaneous ob- 
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servation of blood flow in the digital capillaries of tlie nail bed. This 
method consists in occluding the brachial artery with a pressure above 
sj'-stolie, waiting for cessation of flow in the digital capillaries, then slowly 
lowering pressure until flow' is just resumed. This point is taken as sys- 
tolic pressure or, in a case without pulsation, as mean pressure. As the 
method does not require pulsation, it is especially valuable in those cases 
in w'hieli pulsation is absent. Results obtained are comi3ared with those 
obtained by auscultation in normal iDcrsons. One patient without pulsa- 
tion in the brachial arteries wms studied, and the results w'ere confirmed by 
a direct pressure reading after arterial puncture. 
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STUDIES OP THE ELECTRICAL FIELD OP THE HEART. 

I. INVARIANTS OP THE ELECTROCARDIOGRAM^'t 

Eu'nest Bi.oomfikld Zeislkr, j\r.D., and Louis N. Katz, M.D. 

Chicago, Ilu. 

TT "WAS the A’arinbility in llie npiiearance of tlie clectrocarcliogTaphic de- 
tleetions that led Eintlioven to advocate tlie use of the standard three 
leads. He believed that these leads would give a better idea of the potential 
set np by the heai’t than would one lead alone. This variability in appear- 
ance has also been .shown to exist among leads other than the standard three 
usually employed (Cohn,' 'Wil.sou'). In addition, it has been .shown that 
the appearance, especially the amplitude, of the deflections is dei^endent 
upon the electrical resistance of the tissues between the heart and the 
electrodes and on the electrical shunting of the body fluids. Both of these 
are quantities which vary with the leads employed as well as with other 
conditions (Zeislcr," Katz'). Every electrocardiogram is dependent on 
(1) tlie electrical changes in the heart muscle. (2) extraeardiac factors in- 
dependent of the particular lead employed (e. g., pericardial effusion, 
emphysema, etc.), and (3) extracardiac factors depending on the par- 
ticular lead employed. 

It was the puiqiose of this research to see whether or not the durations 
of the various intervals and deflections, the algebraic sum of the deflections 
in the QRST interval, and Eintlioven 's quantity were independent of the 
lead employed. Any quality of the electrocardiogram which is indepen- 
dent of the lead employed we haA'e designated as an ’invariant. ^ Ein- 
tliOA’'en’s quantity is defined as follows: If from two electrodes A and B 
the wires are so connected to the galvanometer that a current passing 
through the galvanometer i'rom B to A gives an uj^ward deflection, then 
the lead is called AB, or the lead from A to B ; if the wires are reversed, the 
lead is BA. Let any three points A, B, C be connected so as to give the 
leads AB, BC, AC, called I, II, HI respectively. Let the deflections at 
simultaneous points of the electrocardiograms of these leads be Ci, en, es 
respectively. The quantity we wish to consider is A = Co - Ci - 63. For the 
three standard leads Eintlioven ’s laiv is A = 0. It has been stated that 
Eintlioven ’s law A = 0 is exactly satisfied for evenj three leads AB, BC, 
CA (Wilson et al.®). Furthermore, Wilson et al." have attached signifi- 
cance to the algebraic sum of the deflections in the QRST interval. 

•Aided by the Emil and Fanny W’'edeles Fund of the Michael Reese Hospital for the 
Study of Diseases of the Heart and Circulation. 

tFrom tlie Cardiovascular Laboratory, Department of Physiology, and the Heart 
Station, Michael Reese Hospital, Chicago. 
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PROCEDURE 

Electrocardiograms with a large number of leads (about 150) were 
taken on a single individual. The electrodes consisted of circular sheets 
of German silver about 4 cm. in diameter, each with a binding post, 
shielded from moisture, to accommodate two ivires. The electrodes were 
placed on various iiarts of the skin with a paste of flour and concentrated 
saline. Electrocardiograms were recorded on one film from two leads 
simultaneously. The location of simultaneous points on the two leads 
was determined by measuring the phase difference between the two curves 
of the same lead recorded simultaneously by both instruments. This was, 
of course, essential in calculating the Einthoven expression. 

RESULTS 

In every lead in our subject (as shown in Pigs. 1, 2 and 3) the record 
consisted of a secpience of cycles of deflections (or "waves) correspond- 
ing to the cycle of the heart heat. The sequence, though not regular, was 
the same in all leads. Each cycle was composed of two sets of deflections, 
the auricular and ventricular, the latter made up of an initial and final 
complex, often separated by an approximately isoelectric line. This di- 
vision into P, QRS and T is independent of the particular lead used; the 
fact that in some leads the P or the T eoinjilex is not seen does not alter this 
division, for such a curve may be considered a special case in which the 
P or the T complex is isoelectric. Hence the sequence of cycles of de- 
flections, the rhythm of the sequence and the division of each cjmle into 
three groups of deflections, the P, QRS and T, are invariants. 

The intervals of the cycle were not all easilj" measured because the be- 
ginning of T and sometimes the beginning of P were not sharply de- 
marcated. It was found most convenient to measure (1) the duration of 
P, (2) the time interval between the beginning of P and the beginning of 
QRS, the so-called P-R interval, more properly called the P-Q interval, 
(3) the duration of QRS, (4) the time interval between the beginning of 
QRS and the beginning of T, the Q-T interval,^'' (5) the time interval be- 
tween the beginning of QRS and the end of T, the QRST interval. 

In the various different leads taken by us on any one day the maximum 
and the minimum P-Q intervals never differed by more than 0.03 sec., and 
m Uvo simultaneous leads never by more than 0.02 sec. With many ad- 
ditional leads it was found that this range is not increased, so that P-Q is 
an invariant "within 0.03 see. 

In some leads the P complex is so small that it is seen with difficulty, but 
where it can be seen its duration does not vary from lead to lead by more 
hail about 0.01 sec. The beginning of QRS is always seen and the end of 
QRS usually; the duration of QRS does not vary by more than about 


Rere^^nea. but in this report will be used in only the sense 
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It may be impossible to measure accurately’’ the S-T interval because the 
beginning of T cannot always be seen. This is due to the fact that S-T is 



very often not isoelectric and often not horizontal. In Fig. 1, Lead I, for 
example, it is not possible to see just where on the rising limb of the S-T 
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segment T begins. When the beginning of T is clearly seen, i1, is found 
that tlie Q-T interval is very nearly invariant, jnst as is the P-Q interval ; il 
this interval is measured from tlic beginning of QRS in those leads ui 
which the beginning of T is not seen, a point is found on the curve which 
appears as though it may very well be the beginning of T. Hence for 
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Fig. 2.— The lenfl.s of the Oguro form an Einthovon trlanglo. Tl\e Elnthovon expres- 
sion was caloulalccl for tliis triangle by using .slmullancou.s point.s of tbe curves of the 
two loads. (Note tlio difference in appearance of the common lead in the two segments 
of the figure — top lend In each. Tlie explanation for this will he dlacuHSod in a subse- 
quent paper. ) 



PreSion®\TO^‘’eaicS?ated ^for triangle. The Elnthovon ox- 

slinilaritv in tilanglo also. (Note, for contrast, with Pltr fhf» 

in each.) PPearance of Uie common lead In the two .segments of tlic figure — top’lead 


practical purposes Q-T is an invariant and therefore S-T is also an in- 
0 0?s7e ™ is an invariant within about 

variant^nom^^ I'elations of the electrocardiogram are in-' 

the ^ T^’ ? 7’ ? of of QRS, of QRST, the P-Q interval 

interval, and tlierefore also the duration of T. 
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In Pig. 1 are shown selected leads illustrating the wide variation in 
direction, number of phases, amiditude, contour, slope, slurring, notch- 
ing and splintering of the P-wave (leads 1 to 7), QES complex (leads 2 
and 8 to 12) and T-waves (leads 1, 4, 7, 9, 13, 16 and 17). Attention is 
drawn to the deep Q-wave in lead 2 in this normal indmdual, which indi- 
cates that this wave, to which some significance has been attached, is not 
an invariant. In leads 13, 14 and 15 there is notching and splintering of 
QKS, not near the base line, and in lead 15 this occurs in a relatively large 
deflection. This has been considered significant by Pardee,® but as this 
study shows, slurring and notching of QRS are not invariants. It is appar- 
ent that the slope of a deflection is completel.y determined by its amplitude 
and its duration, and slurring is determined by the slope alone ; for ex- 
ample, in lead 8 the deflections of QRS are slurred because their slope is 
smaller than in lead 12 where they are not slurred. 

The segments between waves also vary in these leads. In lead 3 the 
curve between P and Q is above the isoelectric line, in lead 1 below. In 
leads 1, 11 and 12 are seen elevation and depression of S-T and variation in 
its slope. 

An inspection of Pig. 1 will show that the algebraic sum of the areas be- 
tween the deflections of the QRST interval and the base line of one cycle 
is obviously not an invariant" ; in lead 2 it is small and positive, in lead 17, 
large and negative. 

A similar analysis of the Einthoven cpmutity, which Wilson® recently 
asserted, on theoretical grounds, to be equal to zero for any three points of 
the bodj’, showed that it is not an invariant. Por example, in Pig. 2 we 
found a pair of simultaneous points where A = -15.3, in Pig. 3 a pair where 
-2 < A < 0. In maiw other sets of leads A was found to vary between 0 
and -15. Consequently, it is not an invariant. (The explanation of this 
result in the face of theoretical arguments to the contrary,® will be con- 
sidered in a subsequent pai^er.) 


DISCUSSION 

This analysis of multiple leads shows that the only knoum invai’iants of 
the electrocardiogi'am are the time relations of the various deflections and 
the intervals between them. It is to be distinctly understood that we do 
not imply that the invariants are important and the noninvariants un- 
important. In this paper we are simply differentiating those qualities of 
the electrocardiograms which are independent of the lead employed from 
those which vary with the lead. Too often significance is attached to 
changes in configuration in standard leads which might he due to alteration 
in the heart’s position (cf. Katz and Ackerman®). The theoretical ex- 
planation of the observed results, and the significance of the invariants 
and of the noninvariants will be discussed in a subsequent paper. 
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SUMMARY 

1. Every electrocardiogram depends on the electrical changes in the 
heart muscle and on extracardiac factors, some of which are independent 
of, and others dependent on, the particular lead employed. 

2. By using many different leads (about 150) on one individual the in- 
variance of various properties of the electrocardiogram was investigated 
to determine which properties were invariants, i. e., independent of the 
particular lead used. 

3. The only known independent invariants of the electrocardiogram 
are Its time relations, namely, the sequence of cycles, their rhythm, the 
division of each cycle into three complexes, the duration of P, of QRS, of 
QKST, of T, and of the P-R (P'Q) and S-T intervals. 

4. All other properties studied, such as direction, amplitude, contour, 
notching, slurring, the algebraic sum of the initial and final ventricular 
deflections, and the Einthoven quantity were found to be noninvariants. 


REFERENCES 


1. Cohn, A. E.; An Investigation of the Relation of the Position of the Heart to the 

Eleetrocarcliogram, Heart 9: 311, 1921-22. 

2. Wilson, P. N. : The Distribution of the Potential Differences Produced by the Heart 

Beat Within the Body and at Its Surface, An. Heart J. 5; 599, 1930. 

3. Zeisler, E. B.;- A Critique of Einthoven ’s Law in Electrocardiography, Proc. Soc. 

Exper. Biol. & Med. 28 : 12, 1930. 

4. Katz, L. N.; The Significance of the T-Wave in the Electrogram and Electrocardio- 

gram, Physiol. Rev. 8 : 447, 1928. 

5. Zeisler, E. B.: The Invariants of the Electrocardiogram, Proc. Soc. Exper. Biol. 

& Med. 28: 1051, 1931. 

6. Wilson, P. N., Macleod, A. G., and Barker, P. S. ; The Accuracy of Einthoven ’s 

Equation, Ajr. Heart J. 7: 203, 1931. 

7. Wilson, P. N., Macleod, A. G., and Barker, P. S.: The Perm of the Electrocardio- 

g^i-am. IV. Tlie Mean Electrical Axis and the Center of Stimulation, Proc. Soc 
Exper. Biol. & Med. 27 : 592, 1930. 

8. Par^e, IL; Clinical Aspects of the Electrocardiogram, New York, 1928, Chap 2 

Paul B. Hoeber. ; j. j 


9. Katz, L N., and Ackerman, IV.: The Effect of the Heart’s Position on the Electro- 
(lu pifss) of Ventricular Extrasystoles, J. Clin. Investigation 



ELECTROCARDIOGRAPHIC FINDINGS IN TUMORS OF 

THE HEART 

With a Report op a Case* 

i\l0RTiMER Siegel, M.D., axd Anna M. Young, M.D. 

Ci.EVELANi), Ohio 

T~*ITE literaluTe contains many I’cports of cases of cardiac tumors. 
* iMost of these reports arc concerned with clinical and pathological 
findings and with discussions of the frequency and location as well as 
the character of the cardiac neoplasms. There is also a considerable 
number of reports of cardiac tumors in which clcctroeai’diograms were 
obtained, but in only three of these are records presented. 

These electrocardiograms do not show any uniformity of findings but, 
as might be anticipated, vary according to the chamber of the heart in 
winch the tumors were located. 

These deviations from normal arc shown graphically in Table I. 

The records obtained in the present case show remarkable resemblances 
to those obtained in eases of recent coronary thromboisis, but also have 
definite characteristic features which serve to distinguish them from 
those reported in such eases. Contrary to expectation there were no dis- 
turbances of the coronary arteries cither by tumor cells or by arteiao- 
selerosis or thrombi. 

The puiTTOse of this paper is to present the clinical and pathological 
findings in a case of metastatic tumors of the myocardium and to present 
the fourth series of electrocardiograms reported in patients with cardiac 
tumors. 

Both primary and secondaiy tumors of the heart have been reported 
by many authors and for the most part were diagnosed only at post- 
mortem examination. In a series of 37,777 autopsies reported by 
Morris,'* Willius and Amberg,® and Peters and Milne, ^■* 159 cases or 
approximately 0.4 per cent .showed secondary trunors of the heart. At 
this hospital three cases of metastatic tumors of the heart have been 
found in 592 autopsies, which is approximately 0.5 per cent. These 
three cases, including the one in this repoi’t, are all those of lympho- 
sarcoma, the first two showing nodules in the wall of the left auricle 
without clinical emdence of cardiac involvement. Of these 592 autopsies 
44 (approximately 7.4 per cent) were in cases of malignant disease. 

Metastascs to the heart have occurred from all the principal organs 
of the body in which malignant tumors are commonly found, and have 
reached the heart bj^ three routes: (a) by Emphatic vessels, (b) by 

*From the Departments of Medicine and Pathologry, Mount Sinai Hospital of Cleve- 
land. 
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invasions of veins and tumor cell embolisms Ihrougli blood vessels, (c) 
by direct extension from a tumor in Ihc vicinity of I be heart. (Kauff- 
man.^”) Morris believes tbal. tumors arc carried to the heart, by the 
blood stream in most instances. In the case here ro])orted metastases 
oecurred a.pparently by lymjihatic or blood vascular route, although no 
tumor thrombi could be demonstrated in the vessels. 

Most obseiTci-s (Kauffman, Napp'-') state that, the right .side of 
the heart is more often involved than the left.. In our case the muscular 
wall of the left ventricle and interventricular sept.um arc extensively 
involved. 
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Armstrong and Monckebwg^ in 1911 reported a case with a Jacqnet 
polygraphie tracing wliicli showed complete anricnloventricnlar heart- 
block. This tumor was pi-imary in the heart. 

Dariort in 1927 puldislied a report of a cardiac tumor which he found 
in a case of mycosis fungoides. Tumors causing a clinical syndrome 
resembling subacute bacterial endocarditis have been reported by Caimot 
and Lambling in 1928.'^ 

Lloyd' published in 1929 tlie first electrocardiogram in a proved case 
of tumor of the heart. His tracings showed sino-aurieular rhythm with 
a P-R interval up to 0.28 .seconds, thus constituting finst degree A-V 
block. The tumor was found in the region of the A-V node and was 
probably an endothelioma. 

Willius and Ambcrg" in 1930 reported two eases of metastatic tumor 
of the heart, one of which was diagnosed ante mortem. Their electro- 
cardiograms of one case, a child of eight years, showed incomplete 
bundle-branch block, with negative T-waves in Loads II and III and a 
slight elevation of the S-T segments in Leads I and II with a depression 
of the S-T in Lead III. There was also a moderate degree of right 
axis deviation. Clinieall.v the patient .showed signs of myocardial 
failure. Postmortem examination sho^^•cd a metastasis from an 
endothelioma of the left femur. A .second elcctrocardiogi’am taken one 
month after the first was essentially unchanged. Their second case was 
one of lencosareoma of the heart in a child of two and a half years. 
No electrocardiograms of this case were published. 

Houck and Bennett® in 1930 reported a tumor of the left auricle 
(polypoid fibroma 1 in which the electrocardiogram showed sinus tachy- 
cardia with a rate of 120. Th.e ventricular complexes were somewhat 
abnonnal and the electromotive force was low. The T-waves in Leads 
I and II were slightly diphasic. However, their patient had received 
digitalis before admission to tlie ho.spital, so that these T-wave ab- 
normalities may have been due to the drug. 

Pishberg'® in 1930 repojfed three interesting cases in which second- 
aiA' malignant grondhs in the right auricle were accompanied by 
auricular fibrillation or flutter which led during life to the opinion that 
the knovn malignant tumor had invaded the right auricle. He did not 
publish any electrocardiograms. 

Yater^^ in 1931 gave a comprehensive review of all the literature and 
reported nine eases of his omi. He published no electrocardiograms. 

CASE REPORT 

Clinical Summary. — N. !M., aged forty-seven years, Italian, gardener, was fi’ist 
seen January, 1031, presenting himself with a complaint of a “lump” in the left 
lower abdomen of two months’ duration. This mass was painful and was increasing 
in size. There were no other significant symptoms. However, he had lost fourteen 
pounds in weight since the onset of the illness. On January 23, 1931, he vas seen 
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upper quadrant of the abdomen there was a hard nodular mass which seemed to be 
about ten centimeters in diameter. This was not movable. There was no enlarge- 
ment of the palpable lymph nodes. jSTcuroIogical examination was negative. The 
tentative diagnosis was malignant disease of the colon. 

Laboratory Findings . — On admission the urine contained a faint trace of al- 
bumin, and tests for urobilin and urobilinogen were strongly positive. No blood 
was present in the urine either grossly or microscopicallj'. Slide precipitation tests 
for syphilis and Wassermann reaction were negative. Red blood cells numbered 3.2 
million per c. mm. Hemoglobin was estimated at C5 per cent (Tallqvist). 'Wliite 
blood cells numbered 10,000 per c. mm. HifCerential count of leucocytes showed 
polymorphonuclear neutrophiles 8S per cent; lymphocytes 11 per cent; others 1 per 
cent. There was slight anisocytosis. 

Roentgenoscopic studies of the gastrointestinal tract revealed no abnormal find- 
ings. A roentgenogram of tlie heart several daj-s after admission showed moderate 
bulkiness of the left ventricle and some infiltration in the base of the right lung. 

Electrocardiographic tracings recorded on four occasions are shown in Fig. 1. 
Fig. la is the record taken January 2G, 1931. It shows normal sinus rhythm, normal 
QR'S comple.xes in all leads and inverted T-waves in all leads. The S-T portion is 
isoelectric in all leads. The T-waves in Leads II and III have somewhat rounded 
shoulders. The duration of the P-R and QRS intervals is well within normal limits. 
(0.16 seconds and 0.01 seconds rc.spectively.) Fig. 17; is a record taken three daj's 
later and resembles the first one except for a somewhat deeper inversion of the T- 
waves in Leads II and III and a somewhat greater rounding of the shoulders of 
the T-waves in all leads. Fig. Ic is a record taken four days later. This record 
shows still deeper inversion of the T-waves in Leads II and IH and a somewhat 
shallower T-wave in Lead I. The convexity of the S-T segment is greater than in 
the two preceding records, especially in Leads II and IIL The "take-off” of the 
T-waves is very slightly (1 mm.) below the isoelectric level. 

Fig. Id is an electrocardiogram recorded nine days after the one in c and shows 
the T-waves to be somewhat less deeply inverted than those of b and c. The ‘ ‘ take- 
off” of the T-waves in Leads I, II and III is now slightly above the isoelectric 
level. The rounding of the shoulders of the T-waves in Leads II and III is slightly 
greater than that in the previous records. 

The patient’s course in the hospital progressed unfavorably. He developed pneu- 
monia at the right base with sharp rise in temperature which was probably the 
cause of the infiltration observed in the roentgenogram. Recovery from this infec- 
tion occurred. On February 11, he bled severely from the rectum, going into sliock. 
Apparently the tumo’r had eroded into the lumen of the bowel. His blood count 
during the hospital stay fell to 2.6 million red blood cells per c. mm. and later to 
1.2 million. The patient died on February 12, following the hemorrhage. A few 
hours before death a pericardial friction rub was lieard over the entire p'recordium. 

Autopsy Findings of Interest . — The case was one of reticulum cell or large round 
cell lymphosarcoma apparently arising in a mesenteric lymph node, with extension 
into the wmll of the duodenum, and metastasis throughout the viscera including the 
w'all of the left ventricle ■which was extensively involved. 

The heart Aveighed 315 grams. There was a large tumor mass approximately 
5 cm. in diameter involving about one-half of the Avail of the A'entricle and about 
one-third of the interventricular septum. On the external surface of the heart the 
tumor formed a slightly bulging mass grayish AA'hite in color extending toAvard the 
apex, the distribution of the tumor resembling that of an infarct due to occlusion 
of the descending branch of the left coronary artejy. No tumor cell thrombosis 
of the large or small branches of the coronary a'rtery Avas demonstrable, either 
grossly or microscopically. Tumor cells had, hoAvever, invaded the Avails of the thin- 
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walled veins and in places projected irregularly into the lumen. The coronary 
arteries were thin-walled and free from arteriosclerotic changes and thrombi. The 
epicardium as well as the myocardium was invaded by tumor on the posterior sur- 
face of the heart. There were small tags of fibrous tissue invaded by tumor cells 
which were the only anatomical alteration which might have caused the pericardial 
friction 'rub heard clinically. In addition to tire large tumor mass mentioned above, 
there was a small tumor nodule approximately 6 mm. in diameter just beneath the 



Fig. 2. 



Fi 

and 3. Metastatic reticulum cell sarcoma of the 

acteristics. 


myocardium. 


Gross char- 


•hotr/ ‘I'M"?!! thi, Mdule 

otCSecta™ ='• 

•>» 3™ ,ec„“ . 





688 


THE A:\rERICAN HEART JOURNAL 


appeal auce in wliicli tlie cells were seen to infiltrate and sepaTatc the normal struc- 
tures rather than destroy them, in this respect resembling the leiicemic infiltrations 
rather than destructive tumors. 



Fig. 4. — Photomicrograpli, low-power inagnittcation, metastatic reticulum cell sarcoma 
of tlie myocardium, extending througli tlie epicardium. 



Fig. 5. — Photomicrograph, metastatic reticulum cell sarcoma of the myocardium, sliow- 
ing the tumor cells infiltrating the muscle fibers. 

The largest tumor mass in the body was in the mesenteric fan extending into 
the wall of the duodenum with ulceration of the wall. The distribution suggested 
that the tumor arose in the mesenteric lymph nodes or possibly in the lymphoid 
tissue of the duodenum. In addition to the metastases in the heart there were 
secondary tumors in the kidneys, spleen, mesenteric lymph nodes, serosa of the sig- 
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moid colon, right adrennl, and gall bladder. There were no inetastases present m 

the lungs o'r in the liver. . -rr < 

The microscopic characteristics of this tumor in the heart are shown m 1 ig. 4. 
Sound cells, varying considerably in size, predominate. The nuclei of these were 
large liyperchromatic, and in many cases in mitosis. Some of the cells were polygonal, 
many of tlie nuclei were indented and many were multinucleated. The colls resem- 
bled" those of germ centers of lymph follicles. O.xidase stains on frozen sections 
of the tumor showed no oxidase granules present. The tumor stroma was scanty. 


DISCUSSION 

When the electrocardiograms in our ease were first studied, it was 
thought that the changes were produced by myocardial damage from 
coronary artery disease. In repeated questioning of the ])atient all 
symptoms of cardiac embarrassment, such as precordial, substernal or 
epigastric pain or dyspnea, either at rest or with effort, were denied. 
There were no physical signs of cardiac failure. X-ray examination of 
the heart did not reveal any significant abnormalities. In addition to 
all these obseiwations, closer study of the tracings revealed that the 
T-w'aves were constantly inverted in all leads in every record, and their 
direction was not reciprocal in Leads I and III as is usually the case 
in recent coronaiy thrombosis. Moreover, there was no significant 
change from day to day as one would expect in recent coronary oc- 
clusion. The S-T segments of all the tracings were isoelectric or prac- 
tically so. Accordingly, it was suspected that a metastasis in the heart 
was quite possible. This concordance in the direction of tlic T-wa.ves in 
all leads associated uuth “cove-plane” T-waves and convex S-T seg- 
ments without significant deviation of these S-T segments from the 
isoelectric level may well be dependent upon tlie changes induced in the 
electrical etfeets of the myocardium by the presence of the tumor. 

From the records one would assume that the main divisions of the 
conduction system were preserved intact and such proved to be the case. 
These changes in T-wave direction were not produced by abnormally 
high skin resistance, for in such cases QRS waves and T-wuives are 
altered in the same direction. Katz'> stutes that inverted T-waves are 
to be regarded as the result of a disturbance in the patlnvay of retreat 
which simulates persistence of activity in the region of the apex of the 
left ventricle. In other words there may be a delayed offset of activity 
or a relative prolongation of activity or both. Attention is called to the 
lact that this tumor occupied that portion of the left ventricle ordinarily 
supplied by the descending ramus of the left coronary arteiy. It should 
e remembered that the eoronaiy arteries and their branches in this 
plaquir^ obstructed by tumor cells, thrombi, or arteriosclerotic 

SUMMARY 

flh reviewed. Where 
rfcctroeardiograms have been recorded, they have been analyzed and 
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compared with those recorded in our owm case. The frequency of 
cardiac tumors together with their location in the heart has been dis- 
cussed. 

2. A case of metastatic cardiac tumor noth electrocardiograms is re- 
ported. 

3. The similarity of the electrocardiographic findings in a case of 
tumor of the licart a.nd in myocardial changes from otlier causes is 
pointed out, especially the similarity of records in cases of coronaiy 
disease. 

4. The distinctions hetAveen i-ceords of coronary disease and those of 
tumor are noted, especially the lack of reciprocal direction of T-waves 
in Leads I and III and the failure to show deviation from the isoelectric 
level in the S-T segments. 

5. The changes seen in elcctroeardiogi’ams in tumor eases give some 
evidence as to the location of the neoplasm in the heart. 

We Avisli to express our indebteduoss to Dr. Harold Fell and Dr. B. S. Kline for 
their A’aluable assistance in the study of this case and in the preparation of this paper. 
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THE ELECTROCARDIOGRAM. IN DIABETIC COMA” 

James M. Faulknee, I^I.D., aki> Buuton E. Hamilton, IM.D. 

Boston, jMass. 


C ORONARY sclerosis is coniparntivoly common amon!! diabetics as a 
frroiip.’’ -• ^ Coronary occlusion is a recognized complication of 
diabetes, particularly in cases where the blood sugar has been raindly 
brought down from a high to a low level by insulin treatment * The. signs 
and symptoms of coronary occlusion may be maslccd by diabetic coma. 
Therefore, it appears to us of ])rae1ical value in the recognition of coronary 
disease in diabetic coma, to find ont wind- efiect, if any. diabetic coma it- 
self may impose on the electrocardiogram. 

In diabetic coma there arc a number of known deviations from normal 
conditions which must be considered separately in regard to their possible 
effects on the electrocardiogram. The mo.st evident of these are acidosis. 


hyperglycemia, uremia and low blood ])re.ssure. 

Acidom's and- Tlyiycvcilyccmia . — It has been shown in experimental 
animals that slight changes in the Pu of the blood toward the acid side 
will cause a slowing of the sinus rhythju, delayed auriextloventricular 
conduction, marked changes in the ventricular complexes, lengthening of 
the refractory period of both auricular and ventricular muscle, aiul a 
tendency to the appearance of ventricular premature beats.'"”'" Hoav- 
ever, no published data have been found to indicate that the degree of 
acidosis reached in disease is sufficient to cause such disturbances. It is 
true that the frequency of heart disease in ])at ients with diabetes has led to 
the belief among some clinicians that diabetes exerts a specific toxic effect 
upon the myocardium, and reference has been made to a “cardiac typo” 
of diabetic coma.® Indeed, “the toxic products of the acetone bodies” 
have been incriminated as the agent, causing failure in these cases and digi- 
talization has been recommended.” HoAvever, these clinical impre.ssions 
have not been supported by cleet.voeavdiogvaphic or pathological evidence. 
In a careful study of 123 diabetic patients Hepburn and Grahain found 
no relation beLveen the electrocardiographic abnormalities and the exist- 
ing level of blood sugar or degree of acidosis.’” 


Premiff.— It is generally recognized that uremia, like many other in- 
toxications, may have a depressant effect on the T-Avaves. Some of the 
e ectrocardiograms of patients Avith uremia, publi.shed by Wood and 
^ ute, shoAv T-AvaA^es of the characteristic “coronary” type.” The high 
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level of nonprotein nitrogen in the blood of some cases of diabetic coma 
might therefore exert an effect of its own on the electrocardiogram. 

Loiv Blood Pressure . — The blood pressure is often, though not con- 
stantly, lowered in diabetic coma, occasionally to such a degree that it is 
unobtainable by the usual auscultatory method.^- This with other evi- 
dences of stagnation in the peripheral capillary bed might lead one to 
question whether there might not be similar changes in the myocardial 
circulation which ivould have an effect on the electrocardiogram. 

PROCEDURE 

ElectroeardiogTams have been taken immediately on admission in fif- 
teen cases of diabetic coma at the New England Deaconess Hospital. Con- 
trol electrocardiogTams after emergence from coma were taken in eleven 
of these cases, from one to eight days later. Of the remaining four cases, 
three patients died and one left the hospital before a control record was 
taken. The clinical and laboratory data are summarized in Tables I 
and II. All of the cases were uncomplicated except Cases 5, 6 and 
9 in which there were respectively hemochromatosis, streptococcus sep- 
ticemia and sepsis. The patients varied in age from thirteen to forty- 
nine years, but only two were over forty years. There were eight fe- 
males and seven males. 

Clinically, the cases varied in severity from marked drowsiness to the 
most profound coma. The degree of acidosis as measured by the CO 2 
combining power of the blood was ten volumes per cent or below, in seven 
of the thirteen cases in which it was recorded. The blood sugar levels 
ranged from 0.18 to 0.88 grams per 100 cubic centimeters. The nonprotein 
nitrogen of the blood was elevated above 35 milligrams per 100 cubic centi- 
meters in nine of the fourteen cases in which it was recorded, the highest 
being 77. Fever was present in two cases (100° P. and 101° P. rectal re- 
spectively) and the body temperature was subnormal in five cases (95° P. 
to 97.2° P. rectal). The systolic blood pressure measured 100 milligrams 
Hg or below in seven cases. There ivere no cases of hypertension. Physi- 
cal examination of the heart was negative in all cases except one in which it 
was noted that the heart sounds were distant. 

electrocardiograms 

All of the records were taken by means of a string galvanometer type of 
electrocardiograph, some being taken with a Hindle and the remainder 
with a Sanborn apparatus. An obstacle to precise analysis of the records 
taken during coma was presented by the high skin resistance which was 
uniformly present in these cases. The increased resistance was attributed 
to the low skin temperatures and the dryness of the skin. Efforts to over- 
come this by brisk scrubbing of the skin and application of hot Avater 
bottles AA^ere not successful. The resistance Avas still high in six of eleven 
eases in AA'hich the electrocardiogram Avas repeated after the coma had 



;;UAM IK niAUKTic COMA 695 


FAULKNEU-nA:\rii;j'OK : F.hi:cT«orAnnio( 

cleared. In only one ca.se, liowcvor, was llio resislanee cnongli to 
interfere seriously Avitli the interpretation of the veniricular complexes. 
The effect of liigli resistance in the circuit, is to cause overshooting, Avith 
consequent exaggeration of the amjAlitude of individual complexes and 
sometimes to cliangc a monophasic into a diphasic wave, or to cause the 
T-Avave to “take off ' ' above or beloAv the base line. In t he presence of high 
resistance, therefore, one must he extremely cautious in interpreting ab- 
normalities in the electrocardiogram. On the other hand, if the record is 
normal in spite of high resistance, one ha.s only to discount a slight exag- 
geration in the amplitude of the deflections. 

Of thefrftecn records taken during coma all shoAved a sinus tachycardia ; 
nine Avere otherAvise completely normal. In Iavo records the only abnor- 
mality Avas a diphasic T-A\'aA’c in Ijcad IT, and in one the T-avoa’Cs Avcrc 
diphasic in both Leads I and II. In one ca.se (Case 9) the T-waA'e in Lead 
II was of loAV amplitude, and there. Avas slightly loAv origin of the T-Avavc 
in Lead I. In another (Case 12) the T-Avave Avas flat in Lead I and Ioav 
in Lead II. The decrea.sed amplitude of the T-Avaves in the.se la.st t avo cases 
cannot be e.xplained on the basis of high skin resistance. In Case 9 the 
patient died AA-ithout regaining consciousne.ss so that a control record Avas 
not obtained, but in Case 12 the control record shoAved noi-mal T-Avaves. In 
three eases (Cases 5, 7 and 33) the opposite effect Avas observed, upright 
T-AvaA’cs during coma, changing to flat, inverted or diphasic AvaA'es in the 
control record. No explanation is offered for this. It is of some interest 
that in Case 5 the patient died Iaa'o months later from coronary thrombosis. 


SUMMARY AKn COKCLUSIOK 

Blectrocardiograplnc records have been taken in fifteen cases of diabetic 
coma. High skin resistance, AA'hich AA'as uniformly jAresent, offered a serious 
obstacle to precise analy.sis of the indiA’idual comjAlexes. In nine cases the 
electrocardiogram AAms Avithin normal limits, Avhile in four otliers the ab- 
normal feature (diphasic Ti or To or both) might be explained by “over- 
•shooting” due to the high skin resistance. In Iayo cases the abnormalities 
could not be explained entirely on this basis. One .shoAved a sliglitly Ioav 
origin of the T-Avave in Lead I AA'ith a Ioav amplitude of 'IL. The other 
shoAved a flat Ti and Ioav amplitude of To. Control electrocardiograms 
Avere obtained in eleven cases after emergence from coma. Of the four 
cases shoAving diphasic T-Avaves during coma, control records Avere ob- 
tained on tAvo. One of these, in Avhich high .skin resistance persisted still 
Showed a diphasic T-wave in Lead 11. The otlier, AAUtli normal skin re- 
sistance, gave a normal record. Of the tAvo cases showing definite intrinsic 
0 ee roeardiograpliic changes during coma, one patient died and the other 
gave a normal control record. Three cases Avith normal records duriim 
coma shoAved diphasic, flat or inverted T-waves in the control record. 
^^’^clnsion to be clraAAUi from tliesc eases is that eleetroeardiograpliic 
ges are not the rule in diabetic coma, and Avlien present they consist 
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of minor T-wave abnormalities wliicli are not likelj^ to be confused with 
or to mask the picture of coronary occlusion. 
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TRICUSPID STENOSIS 


Review of the Literature and Report op a Case With Antemortem 

Diagnosis^U 

Ernest Bi,oomfield Zeisler, M.D. 

Chicago, III. 

A cquired elironic fibroplastic tricuspid stenosis is sufficiently rare 
. to warrant reporting a ease, especially if tlie diagnosis was made 
during life and confirmed at autopsy. AVhile far from unknown tliis 
condition is rare enough to lie neglected in many textbooks. Aschoff^ 

, and Henke and Lubarscli^ make no mention of it; wdiile Kaufmann^ is 
content with saying that organic changes of the tricuspid valve are 
“vanishingly rare.” Wiggers'* docs not mention it at all, and Striim- 
fell and Seyfarth” say it is so rare as to have no practical importance. 

frequency 

Leiidet® reviewed the literature to 1888 and was able to collect 114 
cases. J. B. Herricld rcpoifed three cases in 1897, bringing the total at 
that date to 154. W. W. Herrick® reported one case in 1908, bringing 
the total to 187. Putchcr'’ reported fiv^e cases in 1911, total 195. Cottin 
and Saloz'^ reported one case in 1920, Oigaard^^ one in 1923, Hiller^® 
one ill 1925, Dressier and PiseheU'*’ thirty in 1929 and three more in 
1930, the Massachusetts General HospitaP® one in 1930. Cabot^^ records 
thirty -three cases out of four thousand necropsies done at tlie Massachu- 
setts General Hospital between 1896 and 1919; how’^ many of these oc- 
curred before 1911 and were therefore presumably included in Futcher’s 
review I do not knoiv, but it is probablj^ a fair estimate that not more 
than twelve of the thirty -three cases fall in the last eight of the twenty- 
three years. White’® stated in 1927 that Levine said he had recently 
seen three cases, but no other reference to these was found. Tschilikin^® 
refers to some observations of his in the Russian literature,®® which 
I have not seen. 

A study of the world literature to date has revealed only 232 cases 
of acquired tricuspid stenosis; if we include three cases of Levine, 
twelve of die Massachusetts General Hospital, and several of Tschilikin 
fhe total is increased to 250. Considering the enormous number of 
autopsies performed throughout the -world this is a very low- incidence, 

indicated by its occurrence only seven times in 
’ eases at the Johns Hopkins Hospital.®’^ 

OlSlSloi*’’' ">-■ 

Hospital? Cardiovascular Group and the Department of Patliology, Michael Reese 
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FREQUENCY OF DIAGNOSIS 

The diagnosis of acquired tricuspid stenosis is usually not correctly 
made during life. Vacquez“ says it is “difficult of diagnosis”; Norris 
and Landis”® say the diagnosis ' ' cannot be made Math any certainty ’ ’ ; Mac- 
kenzie"'^ says that in the majority of cases it is not recognized during life. 
In Leudet ’s” series of 114 eases the diagnosis had been coiTectly made intra 
vitam in only six. In the first 187 cases® it was made in ten, in the fimt 
195 it was made in thirteen. In Henschcn’s^" fouifeen cases it was not 
made at all. Cabot*’ says, “Looking back over the whole thirty-three 
eases of this complicated group one sees tliat, though the tricuspid valve 
was involved in every one of them we only suspected this disease in one 
out of the thirty -three and did not even consider it in the others. . . . 
Tricuspid lesions we practically do not recognize at all.” Dressier and 
Fischer*'*’ report a series of thirty-three cases; of the first nineteen the 
diagnosis was made in only three, and of the last fourteen it was missed 
in only tlii’ee. Aside from their cases the diagnosis has been made in 
only seventeen out of 217 cases, including Levine’s*®; altogether the 
diagnosis has been made in thirty-one out of the 250 cases so far 
recorded. 

CLINICAL ASPECTS 

The clinical aspects of tricuspid stenosis are veiy well discussed by 
J. B. Herrick*' and by Dressier and Fischer.** Only a few points in the 
symptomatology will be mentioned here. Dyspnea on exertion is prac- 
tically always present if the lesion is advanced. Cyanosis is often, 
probably usually, present; while it may be A^eiy marked, it often is 
not.®® There is always dilatation of the right auricle, with enlargement 
of the heart to the right. There is usually distention of the cer-^dcal 
veins, though this may not be great, and there is presystolic pulsation, 
of these veins with a. large a-wave in the phlebogram. Thei’e is usually 
marked enlargement of the liver, Avith positive presystolic liver pulsa- 
tion, detectable by palpation and by a liver pulse tracing. Auscultation 
of the heart must be very carefully performed, inasmuch as thei'e is al- 
most alivays a concomitant mitral stenosis, the signs of which often 
obscure those of the tricuspid stenosis. The mitral stenosis produces a 
presystolic or diastolic rough murmur at or near the apex, and the 
tricuspid stenosis a similar murmur at the xiphoid end of the sternum 
or just to the left or occasionally to the right of this point. The tri- 
cuspid murmur is often absent or indistinct,®*’ ®® and even if present 
may be obscured by merging indistinguishably into the mitral mur- 
mur.®*’ ®®’ ®® There may be rtvo regions at AA’hich the murmur is at a maxi- 
mum, one at the apical and one at the xiphoid region,”®’ ®® with de- 
creased intensity or ei^en absence of the murmur bertveen, or the two 
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murmurs may differ slig'litly in character, tlius facilitating the diagnosis. 
The pulse is usually small. There may or may not be polj^cytheniia. 

If the right auricle fails completely or if there is auricular fibrillation, 
then the signs dependent upon auricular activity are absent, namely 
the presystolie (but not the diastolic) murmur, and the presystolic pulsa- 
tions of the cendcal veins-® and the liver. 

CASE REPORT 

D. M., a vliite boy aged fifteen years, came to the cardiac depa'rtment of the 
Mandel Clinic on September 14, 1932, complaining of dyspnea o.n walking a short 
distance and of moderate cough with bloody sputum. He had been reported in 



S ana had teen appnvently 

In December 1931 1,. ’ noticed the above-mentioned symptoms, 

‘ta. enti, j’’, 3'" He n™ in bed LI that 

'•™ teak and l.aTle “ ‘'™ ’‘"“PM*, I»<i te- 

Wt the te'apital on July "sT 1932 ’“a'T '"S*- He 

"litral stenosis and insiiffi<t- ’ \ <iiagnosis of rheumatic heart disease, 

®PMWa in nd -"'et lever ani 

t^vice. later j the tonsils had been removed 

Dn September 14 loao 

-- a„.eS.:i' r - s: 


700 


THE AMERICAN HEART JOURNAL 


the right costal border, down to the level of the umbilicus. There was slight but 
definite expansile pulsation of the liver, and pressure on the liver was accompanied 
by increased filling of the cei'vical veins. There was no pitting edema anywhere. 
The lungs seemed normal. Tem 2 )erature was 9S degrees, pulse 104 and regular. 
Blood pressure was 13C/74 mm. There was a 2 )resystolic thrill at the apex. The 
heart borders were 6 cm. to the right and 10.5 cm. to the left of the midsternal 
line, and the left border was straight. There was a rough presystolic murmur at 
the apex and also just to the left of the lower end of the sternum, while between 
these points the murmur was much less intense. There was a loud systolic murmur 
over the lower j^jart of the heart. The second pulmonic sound was greatly accen- 
tuated. The bo 3 ' was sent to jMichael Eecse Hospital with the diagnosis of chronic 
and subacute rheumatic myocarditis, mitral stenosis and leak, tricuspid stenosis 
and leak, hyjoertrophy and dilatation of the right ventricle and of both auricles, 
chronic passive In-peremia of the lungs and the liver. 



Fig. 2. Pig. 3. 

Pig. 2. — Siuiultaneous electrocarcliograni and cervical phlebograni, showing very high 
a-wave. 

Pig. 3. — Electrocardiograms with simultaneous liver puse tracing (A) and heart 
sounds (B). 


During his stay in the hospital the boy developed edema of the lower extremities 
and the back, and ascites. At one time he had sharp pain, aggravated by respira- 
tion, in the left precordial region. The hemoptysis continued. Two days before 
death there were decreased resonance, suppressed breathing, and rales over most of 
the right and the lower half of the left lung fields. He died on November 16, 
1932. During his last stay in the hospital there was occasional slight fever. The 
urine contained albumin but no erythrocytes. Two blood cultures showed non- 
hemolytic streptococcus, and a third was negative. A cervical phlebogram showed 
a Mgh a-wave (Fig. 2), and a liver pulse tracing showed a presystolic wave* (Fig. 
3). The final clinical diagnosis was as above Avith the addition of marked dila- 


*These tracings were taken by Dr. Anne Bohning. 
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tution of the right auricle, iiit'ia-auricular thrombus, rcpeatcil puluiouary emboli 
with infarcts, marhctl heart muscle failure, anasarca, hyclrothorax, ascites. 

Juiops!/ ^y^^s performed bv Dr. Otto Saphir on the day of deatli. Both lo^Yor 
extremities were markedly edematous. The abdomen bulged. The skin and sclerac 
were slightly yellowish. Each pleural cavity contained about 700 c.c., the peritoneal 
cavity about 1500 c.c. of clear liquid. The heart was markedly enlarged and dis- 
tended, weighing G25 grams. At the roots of the large vessels there were a few 
adhesions between the two layers of the pericardium. There were a few thrombi 
attached to the mural endocardium of both auricles. The cndoca'rdium in the region 
of the left ventricle corresponding to the interventricular septum was white and 
thickened. There was a small endocardial pocket, oT)on toward the aortic valve, 
in about the midportion of the interventricular septum. The mitral valve leaflets were 
much thicker than normal, .shrunken, and fused by confluence. Tlic chordae 



Fig. 4. — View of tiie narrowed tricuspid 


oi'incc from above. 


radineae were tliickened, and many of them fused. The orifice of the mitral valve 
'ms only 4.2 cm. in circumference, much smaller than normal. The line of closure 
was studded with a row of headlike vegetations. Tlic ao'rtic valve leaflets were 
diamV'^^ thicker than normal; they were a little shrunlven in the longitudinal 
wao ^ 1 adhesions betwen the cusps. The pulmonary valve 

shrmiT™'^^’ leaflets of the tricuspid valve were much thicker tJian normal, 
(Tigs' 4 ^ confluence. Its orifice was only 7.1 cm. in circumference 

the cobl!! eovonary arteries were normal. The papillary muscles and 

4 nim thiev flattened. The right ventricular wall was 

“ore pronomicl w If "'"I’ ^hypertrophy of the right ventricle was much 

'ts LTSefed r 1 S-atly dilated and 

were gray nnd ^ mm. Cut surfaces exposed by cutting the myocardium 

ation of the myocardium revealed a marked increase in connective 
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tissue, in some pJaces with Iij-alinization of the connective-tissue fibers. A very 
few sections revealed an infiltration of cellular elements* (endothelial cells and occa- 
sional lymphocytes) in the perivascular spaces. In some fields these cells were in 
parallel rows suggesting Aschoff bodies. 

The lower lobe of the right lung showed an organizing bronchopneumonia. In 
the left lower lobe there was a hemorrhagic infarct, and a branch of the pulmonary 
artery within this area was blocked by an embolus; there was a similar area in the 
right middle lobe. The liver was large and fi'rin, weighing 1650 gm., and the seat 
of very marked passive hyperemia, with fatty changes. The spleen was enlarged, 
COO gm., and firm. There wore several yellow, wedge-shaped infarcts in the spleen. 
There was passive hyperemia, and there were several infarcts in the kidneys. 



■ .•Vf:' 


Fig. S. — View o£ the narrowed tricuspid orifice from below. 

DISCUSSION 

Heart muscle failure with pronounced edema in this boj^ of fifteen 
years suggested stronglj' the (iresence of some abnonnality besides mitral 
stenosis, inasmuch as cardiac edema in a child of this age is nmisual. 
The most likely lesions were adhesive pericardiomediastinitis and a 
ti’icuspid lesion. There were no signs of tlie former, such as Broad- 
bent’s sign, inspiratoiy filling of the cervical veins, diastolic apical 
shock, fixation of the heart. Consequently we strongi.y suspected a tri- 
cuspid lesion. The enoianons enlargement of the right auricle, and tho 
pulsation of the eeivical veins and the liver supported this opinion, 
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thoiigli without knowing tlie time of ttic pulsc-wavcs the diagnosis of 
stenosis was not warranted. 

The configuration of the licart and the murmurs confirmed the diag- 
nosis of mitral stenosis. The presence of cT prcsystolic rumble in the 
tricuspid area suggested tricuspid stenosis Init did not prove it, inas- 
much as the apical murmur in mitral stenosis may occasionally be trans- 
mitted to the sternum. But the almost complete absence of the murmur 
between the apex and the tricuspid area strdngly indicated that the 
murmurs at those two areas were distinct and not due to one lesion. 


SUMM.IRY 

1. A review of the woi-ld literature to date reveals 250 cases of ac- 
quired chronic fibroplastic tricusjiid stenosis, with correct ante mortem 
diagnosis in only 31. 

2. The most important symptoms and signs of tricuspid stenosis are; 
Dyspnea on exertion, cyanosis, dilatation of the right auricle, distension 
of the cervical veins, prcsystolic pulsation of the cervical veins with a 
large w-ivave in the phlcbogram, marked enlargement of the liver with 
positive prcsystolic liver pulsation, a. rough diastolic and prcsystolic 
murmur at the xiphoid end of the sternum. Those signs dc]iondent on 
auricular activity disappear in auricular fibrillation or complete failure 
of the right auricle. 

3. A case of tricuspid stenosis is reported, with correct ante mortem 
diagnosis, confirmed by autopsy. 
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apparatus for the determination op venous 

PRESSURE IN MAN'^ 

R. W. Kissane, M.D., and R. A. Koons, AI.D. 

CoLUAiBUS, Ohio 

V ENOUS pressin*e is obtained in man by two methods, the direct and the 
indirect. The teclinic of the direct method reqnii'cs the inserting of a 
large needle or trocar into a snpeiTicial vein of the forearm, and the con- 
necting of the column of blood directly with a manometer upon which the 
pressure is read. The factors that make this procedure impracticable are 
the necessity of a sterile technic, possibility of the blood clotting, trauma 
to the vein, pain and other objections of the patient, and the inability to 
make repeated pressure determinations. 

The indirect method depends upon the principle that the least pressure 
applied outside a vein required to actuate collapse will be practically equal 
to the pressure within the vein. Numerous instruments having either a 
water or a mercury manojneter have been devised for this purpose, but 
they are expensive and repairs are difficult. The use of the water manom- 
eter is the most suitable, but the reading is hard to obtain because the 
column of water fluctuates to such a marked degree while pressure is being 
applied over the vein. 

CONSTRUCTION 

These objections have prompted the presentation of a modified appara- 
tus for the determination of venous pressure in man by the indirect 
method. It consists of an ordinary thistle tube (1), over wdiich has been 
tightly stretched a piece of a rubber glove (2) , which has a small opening 
in its center (3) , and is held taut and in place by a rubber band (4) . The 
thistle tube is connected by rubber tubes and a T-tube (5) to a water ma- 
nometer (6) and an ordinary rubber blood -pressure cuff (7). A pressure 
bulb (8) with an escape valve (9) is attached to the other opening of the 
lubber bag or cuff. The construction of the manometer is a glass tube bent 
in a manner (13) so as to have one end close to the bottom of a small glass 
1 esei voir ( 11 ) . The manometer tube is connected to the reservoir through 

one of two openings in a rubber stopper (12), while anL-tube (10) through 

0 other connects with the rest of the apparatus. The manometer tube 
mi le reservoir are mounted upon a base board beside a meter stick ( 14) . 

filleT * curved end of the manometer tube are partly 

the ^^°^red water, the meter stick is adjusted so that 0 is opposite 
short water in the long arm of the tube. If the fluid level is a 

from point, the number of millimeters can be subtracted 

pressure reading. 

Departments ot White Cross Hospital and Children’s Hos- 
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METHOD 

Tile patient is placed in a semi-recumbent position with the right arm ex- 
tended so that the hand is brought to a level jvith the right auricle of the 
heart. A large superficial vein of the hand is selected and surrounded by 
a ring of vaseline or water soluble jell,y. The thistle tube is placed against 
the hand in such a manner that the opening in the rubber diaphragm is di- 
rectly over the vein. In this position the vein can be watched through the 
glass thistle tube while air is ijumped in b.y means of the pre,ssure bulb. 
The reading is made in millimeters on the meter stick the instant the vein 
is collapsed. 



Fig'. 1. — Diagram of venous pressure apparatus. 


DISCUSSION 

This instrument is inexpensive and can be made in any laboratoiy with- 
out requiring mechanical skill. The rubber bag or cuff acts as a buffer and 
allows the water to rise slowly and evenly in the manometer tube, thereby 
facilitating the ease and aceurae.y of the reading. The apparatus can be 
easily and rapidly repaired without requiring expensive parts. The ap- 
paratus is made ijortable by draining the water finm the tube and the 
reservoir and refilling at the bedside. 




DICxITALIS assay avith ti-ik isolated cat heart, 
COMPARED AVITH OTHER METHODS"=t 


W. Dock, M.D., A. B. Stockton, M.D., and A. J. Lehman, Pn.D. 
San Francisco, Cwav. 


W E HAA"E used the sim])lifi<'d heart -lung ])reparation' of the cat 
for the bio-assay of 8 different preparations of digitalis bodies, 
and compared the potency, determined in this ivay, with the “pigeon- 
emetic” potency of the same preparations, the “pigeon -fatal” dose (6 
preparations), as well as with the dose for tlie intact cat, and for the 
frog (5 preparations). 

^METHODS 


Cat heart-lung preparations were made by ligating the azygos vein, the superior 
vena cava and the carotid and subchivian arteries of cats ancstlictized with ether 
and given artificial respiration through a tracheal cannula. The inferior cava was 
occluded with a bull-dog clamp and the aorta by a heinostat at the level of the left 
subclavian artery. Blood was admitted into the heart from the inferior cava until 
the left auricle was full, but not distended, and the aorta pulsated strongly. Once 
the heart volume was satisfactory, the heinostat and the clamp on the inferior 
cava were not touched, and the volume of blood in the isolated circuit reiuaiued 
constant. Such preparations, kept at room temperature, lasted for two to five hours, 
luid ahnost as long when kept at 37° C. The digitalis preiiarations, suitably diluted 
nith 0.85 per cent NaCl solution, were injected with a tuberculin syringe and fine 
Ippodermic needle into the left ventricle. Injections were made at five-minute 
intervals, beginning with 50 to 70 per cent of the estimated fatal dose and ghung 
10 per cent more at each injection. Yeiitricular fibrillation with piersisting dilatation 
■"as taken as the end-point. It was noted that auricular stand-still, duo to sino- 
auricular and nodal auricular block, occurred before ventricular fibrillation, usually 
after 70 to 90 per cent of the fatal dose. Ectopic ventricular beats occurred less 
often and were less striking. 


Pigeon-emetic” and “pigeon-fatal” doses (on intravenous injection) were de- 
crmined in the usual way.c using groups of 7 piigeons for the final assay with 
T^r 9 ^ ~ emetic dose, and 5 pigeons for the final assay of fatal doses. 

dosT' pigeons were used for each emetic assay, and 12 to 15 for the fatal 


RESULTS 


of tl twice the fatal dose of stropliaiitliiii caused arrest 

of heart in fortj'- to fifty seconds, while twice the fatal dose 

huiid^ ^I’l'ested the ventricles in one hundred and twenty to one 
ihject'^ seconds. It ivas therefore considered proper to space 

at five-minute intervals. AYlien assayed at 37° C. instead of 

School of iiedici” hy a Rockefeller Fluid Researcli Fund of the 

t, ,'^'vom the D ’ University. 

'^'*001 of Medicinefsan'^Francisco'^'^'*^'”'^ Pharmacology, Stanford University 
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at room leinpcratiirc, digit oxiii was 82 pov cent, more act.ivc, strophanthin 
25 per cent niore active. The variation in close per gram of lieart Avas 
greater than that, per kilogram of eat, due to tlie greater sensitivity of 
enlarged hearts to those drugs.-'’ The variation between maximum and 
minimum dose per kilogram of 8 cats used for each iireparation was 
202 per cent in one groii]), hut averaged only 08 iier cent. This is dis- 
tinctly less than the variation in groujis of this size using the Hatcher 


Taulk II 


Kelative Potencies IxmcATEn itv Dikemuen'i' ]\rKTnon.s or Assay. The Potency 
OF DlGlTOXIN FOU ANY ASSAY yfETHOD IS TAKEN AS 1 


method op assay I 

DIGITOXIN 

PER MG. 

FOIHA 

niGlTAl.I.S 

PER OM. 

K-STItOI*UANTIlIN 

PER MG. 

SCIIil.AUEN A 

PER MG. 

SCIEEAKEN B 

PER MO. 

Isolated cat heart .at 
room temper.aturc 

I.O 

lO.o 

i 

5.00 


5.3 

Pigeon-emesis 

LO 

.S.4 

r,.25 


4.2 

Prog 

1.0 

7.1 

-t.oo 

•1.0 

G.7 

Hatcher cat 

1.0 

.‘i.n 

2.00 

1 .35 

1 2.0 

Pigeon-fatal 

1.0 

2.S 

2.00 

o.no 

2.0 

Therapeutic for man 

1.0 

1.0 

i 




method (whole cat). The results of all a.ssays made by us arc sum- 
marized in Table I; the relative iioteucies indicated by our assays and 
those of others in Table IT. 

COAIPAUI.SON OP VAIUOUS METHODS OP ASSAY 

The relative potency of digitalis bodies, assayed by various pro- 
cedures, is given in Table TI. The figures for frog and Hatcher cat 
doses were taken from llothliir' and Fromherz;-"’ those for the therapeutic 
dose for man from Eggleston.” It is obvious that two main groups of 
lesults are shoAim. One group (isolated cat heart at room temperature, 
pigeon-emesis,” frog) indicates that digit oxin is relatively Aveak in 
comparison Avith total digitalis glueosidc and the glucosides from stro- 
squills. The other group (intact cat, “pigeon-fatal”) 
^'1 mates that digitoxin much more closely approaches the other sub- 
stances in potency. The therapeutic dose for man not only falls in 
c second group, but is most .strikingly at Amriance Avith the results 
assay by the fir.st three methods. 

digit factors may account for the difference in potency of 

In tliT^'^^ other pro]mrat,ions AAdicn assayed by these methods, 

of fixat'^° Iioart, injected at flvc-minutc inteiwals, the relative speed 
important I^oart of digitoxin and of other glucosides is obviouslj’- 
temperatu digitoxin is InioAvn to be accelerated as 

(isolated Im differouees betAvecn assay Avith cold preparations 

Todod of temperature, frog) or preparations in Avhich the 

01' Warmer nr^ (isolated heart at 37° C.) and assay Avith sloAAmr 

oparations, might be due entirely to relative speed of hxa- 
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tion. At room temperature, strophanthin is fixed more than twice as 
rapidly as digitoxin, but even so, when the interval between injec- 
tions is twice as long as needed for 50 pei* cent fixation and the 
initial dose is 50 to 70 per cent of the final dose, reached fifteen 
to thirty minutes later, it seems improbable that temperature and 
duration of the periods of assay can account for the differences in 
relative potency shoivn in Table II, although they undoubtedly play 
some part. 

The difference in dosage for isolated hearts at 37° C. and intact cats 
points to differences in extracardiac fixation of the drug as one faetoi' 
in causing differences in relative potencjL The data in Table II suggest 
that digitoxin is fixed or destroyed by extracardiac tissues to a lesser 
degree than total digitalis glucoside, or the other glucosides tested, and 
further, that the fatal dose for the frog and emetic doses for pigeons 
are not affected by the extracardiac tissues. The intact frog, at room 
temperature, behaves much like the isolated eat heart as an indicator 
of digitalis potenc 3 L 

The contrast betAveen the “pigeon-emetic” assay and the “pigeon- 
fatal” dose assay is of great interest. In both tests digitalis bodies are 
injected into the vein of intact, warm birds, yet the fatal dose closely 
parallels the cat-fatal dose and the emetic dose parallels the dose for 
cold isolated cat heart, and diverges from the assay bj" killing pigeons 
or cats more even than does the frog assajL In these two pigeon meth- 
ods, the rate of reaction of the various bodies with the tissues is of 
importance, for emesis occurs veiy promptlj’’ and, if it is to occur at 
all, does so within one to fifteen minutes. Death from average fatal 
doses occurs in five to sixty minutes after digitoxin, in five to ten min- 
utes after strophanthin or scillaren. The average time is thirty-five 
minutes for digitoxin, seven minutes for the other glucosides. The 
period between injection and emesis, from average emetic doses, is eight 
and one half minutes for digitoxin; eight and three-tenths minutes for 
strophanthin, and the same or slightlj’- longer for scillaren. Fromherz® 
has reported that the dose of digitoxin for cats is only one-half as great 
if no time limit is set, as when ninety minutes is taken for the period 
of assay. He found that the maximum effect was three to four hours 
after injection. Whether or not this is confirmed for cats, it does not 
hold true in pigeons, for practically all birds which sundve average 
or less than average doses for one hour recover. Barely death occurs 
seventy to one hundred and twenty minutes after injection, but the time 
allowed for assaj’’ (sixty minutes) will include almost all birds which 
will die, and, like the time (fifteen minutes) allowed for emesis, it 
equals nearly twice the average time for effect of average doses. In 
spite of the striking difference between duration for effect of emesis 
and for fatal action which distinguishes digitoxin from the other glu- 
cosides, it seems to us highly improbable that rate of fixation accounts 
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for the difference in relative ])otency indicated by the two pigeon inclh- 
ods of assay when tlic period of assay is long. 

The difference between the rosulls of assay by emelic and by fatal 
effect on pigeon, when ample time is allowed for the effect of the slow- 
est preparation to be manifest, can be due only to a fundamental dif- 
ference between the sites at which the two effects arc prod.uced. It 
seems highly probable that the fatal effect., produced entirely by action 
outlie heart, varies with the amount of drug fixed or destroyed in the 
other tissues, while the emetic action is unaffected by the relative fixa- 
tion of the dnig in cardiac and extraeardiae tissues. The difference in 
potency, indicated by emetic assay as compared with that, indicated by 
fatal effect, as well as the fact that digitoxin which produces emesis as 
rapidly as other preparations, kills five times more slowly, indicates 
very clearly that emesis does not. arise as a reflex from glucoside action 
on heart muscle. If it is of reflex origin, it. probably arises from nerve 
endings wherever digitalis glueosidcs arc taken up by the tissues and 
is unaffected by the speed or degree of cardiac absorption of the drug. 

The fact that different methods of assay are not conpiarable was ap- 
parent in Eggleston ’s'"’ early study of the relatively high potency of 
digitoxin given orally to iiatients as contra.sted with the effects of 
digitalis and digitoxin on cats. TTis findings arc included in Table II. 
The dift'ercnce between methods of assay has often been emphasized. Ex- 
tensive data have been reported by Knaffl-Lenz’ and Fromherz/’ has 
recently added further data on the assay of digitoxin, digitalis glu- 
cosidcs and derivatives on frogs and cats. lie found that total digitalis 
glncoside was much more toxic for frogs than for eats, as eomjmred 
with digitoxin, and sugge.sted that, the total glucoside rnust contain a 
substance toxic for frogs but not for cats. 

He found that a pure glucoside, digitoxin, was much more toxic for 

frog.s than for cats, as compared with another jmre substance, gitoxin. 

One cat unit of gitoxin equalled 50 frog doses, one cat unit of digitoxin 

equalled 100 frog units, and one eat unit of total gluco.side equalled 

150 frog units. Our assays with isolated cat hearts, and with pigeons, 

show that digitalis total glucoside, tested on one species, may be 2 or 3 

times more potent in comparison with digitoxin by one method of assay 

han another. Such differences cannot be explained by species dif- 

erenee, and the facts brought out by this paper, as well as those by 

romherz, can only be explained by differences in site of action and 
nxation. 


The dilierencos m action of different bodies, snel, as .scillaron, stro- 

and it was clear 

for nSf •“ PoteMJ’ of products, not 

ivitlfnr * assey methods or in clinical use. Even 

Pit 

> y different relative potencies may be indicated by different 



712 


THE AMERICAN HEART JOURNAL 


methods of assay. Thus Hanzlik= had reported that the “pigeon-fatal’- 
dose of one tincture was 2.6 cmclic doses, that of another tincture 12 
emetic doses. In Table I, one tincture of digitalis had identical effects, 
on isolated cat hearts, with another tincture, hut the “pigeon-fatal” 
dose of one was 2.4 times that of the other. While some attempts to 
eowelate assay by experimental methods wilh assay on man have been 
made, most of lliese arc inadequate. Eitlier too few patients were used, 
or tlic ciateria of effect were not shar])ly drawn, or tlie different sub- 
stances tested were too closely related in potency and had been as- 
sayed only by a single method. To he truly informative, clinical assay 
should be made with two sulistanees, whose relative potency, measured 
by one method of hio-assay, differs from that given by another method. 
Eggleston’s studies show tliat eat assay and therapeutic assay agree for 
infusions and tinctures of digitalis, but not for tinctures or infusions 
and digitoxin. In connection with the League of Nations Hygiene Or- 
ganization, studies of the potency of three lots of folia digitalis were 
made in many lahoratoi-ies and in two clinics.' In clinical assay by 
Gilchrist and Lyon® 99 trials wore made on cases of auricular fibrillation, 
and 15 on one patient. The general results and those on one patient 
agreed in assigning relative potencies as follows — A:65; B:90; C:100. 
The assays on frog (liana temporia) averaged as follows — A;50; B:94; 
0:100; those on other frogs, A:54; 3:105; C.TOO. Infusions on cats 
gave — A:60; B;115; 0:100; and tinctures tested on cats gave A:62; 
B:100; 0:100. In other Avords, cat assay agreed Avith clinical assay 
about as closely as did frog assay. If, in Table II, the relative potency 
of digitoxin and that of digitalis leaf are compared, it is CA’ident that 
the cat and “pigeon-fatal” doses parallel clinical effects, and the 
“pigeon-fatal” dose is more nearly parallel to clinical doses than any 
other. 

The object of bio-assay is to permit the potency of drugs used in 
therapeutics to he maintained as nearly as possible at a constant level, 
and careful assay by any of the methods referred to in this paper, as 
Avell as scA^eral others, may he satisfactoiy for this purpose. The isolated 
cat heart, the “pigeon-emetic” method, and the frog method are more 
sensitive to differences in potency than are the fatal assays on pigeons 
or eats, or the therapeutic test on patients. FoxgloA’e leaA'-es of equal 
potency, assayed by any of these methods, Avill be closely related in 
their clinical potency. The choice of a method of assay Avould seem 
to rest largelj'- on the ease and inexj^ensiA’^eness AAuth AAdiich many test 
animals can he used, for the aecuracj'- of assaj' depends not merely upon 
carefulness hut on the use of relatwely large groups of animals.® The 
pigeon methods are relatiA^ely inexpensiA'e and rapid, and although, 
Avith digitalis leaf, the emetic dose parallels effect on man,^® it probably 
would be better to assay preparations for both emetic and fatal effects. 
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and to reject, for therapeutic use, preparations varying by more than 
25 per cent from the standard in either type of assay 

SUMMARY 

1. A method of assay using a simple heart-lung preparation of the 
cat for determining cardiac activity of digitalis bodies is described and 
compared with other methods of assay, particularly the emetic and fatal 
dose for pigeons. 

2. There is strong evidence that, in pigeons, the emetic phenomenon 
is in no way related to the cardiac action of digitalis substances. 

3. There is a close parallel between results of assay by isolated cat 
heart, frog, and pigeon emesis, and between assay by fatal effect on 
whole cats, or pigeons, and therapeutic effects on man. 

4. Frog assay or pigeon emetic assay is more sensitive to differences 
in potency than is cat or pigeon fatal effect assay. 
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VENTRICULAR TACHyCARDIA, RATE OF 300, FOLLOWING 

THYROIDECTOJIV 

WiLLTAji H. Bunn, ALD. 

Youngstown, Ohio 

''^HERE continues to be a cliflerenec of opinion concerning the origin 
of the cardiac impulse in eases with very rapid ventricular rates. 
Altliougli the criteria for differential diagnosi.s arc rather confusing in 
this case, we believe it to he one of ventricular tachycardia. Avith a rate 
faster than any heretofore published. 



Pig:. 1. — September 15, 1932. During: paroxysm of ventricular tachycardia. 


A white Ainericaii male, aged fifty years, in 1930 complained of “nervous indi- 
gestion” and palpitation of the heart on exertion. He was advised at a clinic that his 
trouble was due to the mental strain connected with his occupation, and that he should 
have more relaxation in the open air to correct a spastic colon. 

He first came under observation in June, 1931, complaining of troublesome gastro- 
intestinal symptoms and of heart consciousness and palpitation, but no dyspnea, edema 
or cough. Emotional disturbances and exertion were about equal in producing his 
s 3 "mptoms. He was accustomed to taking his own pulse and said that he had found it 
as high as 120. He had not lost weight. He had a tendency to Avatery stools and con- 
tinued to have indigestion, whether he ate sparingly or forced himself to eat a ra- 
tional diet. 
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The man was pale and extremely apprehensive. He had cold bluish hands and was 
perspiring profusely in the arm pits. His reflexes were all hyperactive. The heart was 
found to be normal, except for the rate, which was D2 per minute. The blood pressure 
was 170 mm. Hg systolic, 70 mm. Hg diastolic. This systolic hypertension, as well as 
the elevated pulse rate, was attributed to excitement and apprehension. There was 
practically no thyroid tissue palpable. The urine was normal. Blood examination 



Pig:. 2. — Lead II. Deep breath holding during paroxysm. 



nal count. The Wasserniaun test was negative 

7T’"or°“ “o 

gstdea htaselt aJ™u encouraged and re- 

I'our months later, October 21 luai of fUc • • j. 

an electrocardiogram was made wWch showed a ZToTw I T 

(Pig. 4). s>nowea a. rate of 70 and was essentially normal 
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Oil November 30, 3031, lie came for reexamination complaining of a return of his 
former symptoms which he dated definitely to the day he received a letter from the 
insurance company saying that he had been refused insurance. His anorexia had re- 
turned. The gastrointestinal discomfort had reappeared, and he was unable to eat 
without being distressed. 

In February, 1032, the patient was seen by :i colleague. His complaints were all 
related to his gastrointestinal tract. After careful examination and repeated study this 
physician was of the opinion that the patient’s cardiovascular .system was not abnormal. 
Following this there was a remission of syinptom.s, the patient voluntarily stated that 
he felt better than he had for two years. 

About six months later, September 1, 1032, the jiaticnt showed a marked .and .abrupt 
ch.ange in his condition without any known exciting factor. He became more nervous 
and apprehensive than he had ever been before and for the first time w.as tremulous. 



There w.as a continuously rapid pulse rate, a sharp weight loss, and a marked incre.ase 
in basal metabolic rate (plus 43 per cent). The diagnosis of Graves’ disease was then 
made. 

A bilateral thyroidectomy Avas performed September 14, 1932, at S A.M. The pulse 
rate at operation varied betAveeu 110 and 120. Until thirty-six hours after operation 
his postoperative course was uneventful, except for the extreme apprehension, Avinch 
seemed to be part of the personality make-up of this indiA-idual. The nurse recorded 
the pulse at 7:35 p.m. the day folloAA-ing the operation as 120. Ten minutes later the 
patient collapsed, and his pulse r.atc could not be counted. The skin Avas cold and 
chamniy, and the blood pressure aa'.us unobtaiimble. Electrocardiograms Avere taken 
two hours after the onset of the attack. The patient at this time looked extremely ill. 
The pulse was almost imperceptible. The blood pressure Avas 60 mm. Hg systolic, 
40 mm Hg diastolic. The rate Avas so rapid as to be uncountable. The heart was 
pounding vigorously at a regular rhythm, interrupted at varying intervals from five 
minutes to less than a minute by short periods of a different rhythm. The pulse at the 
Avrist during the short interruptions was more perceptible than during the preA^ailing 
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rhythm The patient complained of discomfort in the chest and profound ' 

He Avas given morphine sulphate, gr. V, nt S:30 P.M. Pressure on the eyeballs and o 
the carotid sheath produced no change in rate or rhythm. Deep breath holding, inIuc 
feat the patient ivas unable to perform very satisfactorily, produced more fi^quent 
interruptions in the prevailing rhythm and an increased rate. Six grains of qmiudine 
sulphate ivere given at 10 : 15 p.m. At 1 : 00 A.M., about five hours after the onset of 
tachycardia, the patient’s condition seemed critical. There were signs of pulmonary 
edema. Quinine hydrochloride, 7^: grains, was given intravenously. Iiiiiiiediatdy 
after the administration of this drug the rhythm changed to auricular fibrillation with 
a ventricular rate of about 150. He became very much better clinically and- from 
then on improved rapidly. -Within forty-eight hours the rhythm was normal. Quinidine 
sulphate, grains 4 twice a day, was continued for several days, as well as digitalis, 
patient left the hospital in a wheel chair on October 3, 1932. 


The 



. - DISCUSSION 

The interruptions of the extremely rapid rhythm are supraventricular 
in origin and probably represent auricular fibrillation. During- these 
periods of irregularity it will be noted that the ventricular rate continues 
to be about 250, beyond which rate, according to previouslj^ reported cases, 
the auricles and ventricles usually become dissociated. It is possible that 
the notching on the descending limb of the K-waves may represent auric- 
ular impulses to which the ventricle was able to respond up to the rate of 
300, which if true would establish this as a case of auricular flutter wdth 
one-to-one conduction. 

In favor of the ventricular origin of the tachycardia, however, is the 
undoubted ventricular characteristic of the complexes which dominate 
e picture^ and the prompt response to quinine therapy. In addition to 
this, the clinical observation that the pulse volume was much stronger 
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during the sliort pei-iods of inlerruptcd i-tiytlim merits eonsicleration, since 
premature ventricular contractions often fail to be palpable at the wrist. 
Purtbermorc, the frequent interruption of a prevailing rhythm is more 
eba rad eristic of ventricular than auricular tachycardia. It is probable 
that tlie notching on the de.seending limb of the I?~wavcs repre.sents auric- 
ular beats produced by retrogi-ade conduction of impulses from the ven- 
tricle to the auriele. 

Scott’s criteria' on vcjitricular tacb.vcardia are difficult to apply in this 
case. He believes with Lewi.s" that the paroxy.sm starts abruptly and ends 
abruptly, and that to be of ventricular origin it must begin with a pre- 
mature sy.stole of ventricular origin and end with a dia.stolie pause com- 
parable to that encountered after a premature .systole. In our records the 
interruption of the pi-evailing rbytlun did not occur in the same manner 
each time, nor did it recur following any constantly typical complex. 

Wiggers" states that “the only other way in which a ventricular tachy- 
cardia can be diagnosed Avifh certaint.v is to establi.sh that undoubted P- 
waves occur at a rhythm which is .slower and uni-elatod to tl)e ventricular 
beats.” This does not seem to be true in this case. 

The effect of deep breath holding during the paroxysm is interesting. 
The rate increased from 300 to 325. Tlie tyjjo of QKS complex was defi- 
nitely changed, and the periods of interrujition were more frequent. 

Mention should be made of the possibility that the palpitation from 
wliich this patient sutl’ered in 3930 might have been due to hyperthyroid- 
i.sni. Certainly evidence sufficient to warrant operative interference Avas 
lacking until a few weeks before an unusual and almost fatal disturbance 
in the heart’s mechanism occurred. It is interesting to note from serial 
electrocardiograms how completely the myocardium has recovered. Clini- 
cal data confirm this fact. 
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COMPLETE HEART -BLOCK OF THIRTY YEARS’ DURATION" 

Harry L. Smith, M.D. 

Rochester, 1^'IIKN. 

T he diagnosis of complete IieaTt-blcek 118110117 conveys tlie idea of 
rather severe, diffuse myocardial injury, and in the majority of in- 
stances this impression is correct, especially if the complete auriculo- 
ventricular dissociation is the result of arteriosclerosis. Several cases 
of complete heart-lilock of rather long- duration have been repoiled, and 
in several instances the heart-block ha.s in no iva^y interfeied with the 
activities of the patients. In Ellis’ series,' lie repoiled one case of 
twenty -four years’ duration, two of nine yeai's’ duration, and one of 
seven years’ duration. None of these four patients liad symptoms or 
any other evidence of any cardiac insufficiency. lYhitc' reported two 
cases in wliich the patients had persistent, complete lieail-block for 
fourteen and fifteen years respectively, and their heart-block had in no 
way interfered with their activiticvS. In a series of thirty-seven cases of 
complete hearf-block reported by AYillius," the average duration of the 
histoiy indicating auriculovcntricular dissociation ivas two and nine- 
tenths years, and the longest duration was fifteen years. Williiis® also 
has reported a ease, however, of twenty-two years’ duration. Russell- 
Wells and Wiltshire-'’ followed a. case of intermittent heart-block for 
twelve years, and the patient died of carcinoma of the cecum. Harris^ 
reported a. case in which complete heart-block had been present for 
twenty-eight years, and the patient had enjoyed good health during this 
whole period. Keith described a case in wdiich there' was a history of 
complete heart-block for eighteen years. 

REPORT OF CASE 

A wliite janitor, forty-three years of age, came to The Mayo Clinic complaining 
of rectal fistula and some shortness of bi'eatli on severe exertion. 

At the age of thirteen yeaj's he had had an acute illness accompanied by oxtremelj^ 
sore throat, and what apparently were bilateral retropharyngeal abscesses had been 
lanced. His temperature at that time had been as high as 103° F. He had been 
given diphtheria antitoxin; there were eases of diphtheria and scarlet fever in the 
neighborhood where he lived. His two sisters had been given prophylactic doses 
of diphtheria antitoxin at the same time. His physician had not been sure -whether 
t le patient iiad diphtlieria or not. About one week after liis acute illness liad sub- 
sided Ins cardiac rate became very slow, and he again was confined to bed for sev- 
era weehs. His pulse rate had been below 40 each minute at the time referred 
to, and had remained between 30 and 40 most of the time through all the subse- 
qnent years. Tonsillectomy had been performed about ten years before he came 

*From the Section on Cardiology. The Mayo Clinic. Rochester, Minn, 
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to the chnic, and liis pulse rate liad been slightly faster for a short time following 
the operation. He stated that after his spell of acute illness he would become short 
of breath on severe exertion. Because of this he could not run and play as well as 
other children could. While he was a child he had learned just how much he could 
do without getting .short of breath. With severe exertion he would become light- 
headed and dizzy, .although with moder.atc exercise he encountered little difficulty. 
As far as he was able to tell when he was examined at the clinic, his condition was 
no worse than it ever had been since his illness. He had never fallen nor lost con- 
sciousness. 

The man was well developed and well nourished ; he weighed 195 pounds stripped. 
His blood pressure was 124 mm. of mercury systolic and 76 mm. diastolic. His 
temperature was normal, and his pulse r.ate was 44 each minute. His voice sounded 
as though he had an acute cold. Heart tones were somewhat distant, but of good 
quality. The cardiac rhythm was regular and there were no murmurs. There was 
a draining sinus in the median line, 1.5 cm. posterior to the anus. The remaining 
portion of the physical examination gave csscntiallj' negative results. His blood 
count was well within normal limits, and urinalysis and flocculation tests for syphilis 
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Flff. 1. — Complete A-V dissociation: auricular rate 69 each minute; ventricular rate 41. 


gave negative results. Eoentgenological studies of his heart did not reveal enlarge- 
ment. The electrocardiogram revealed a ventricular rate of 41 each minute and an 
auricular rate of 69, with complete auriculoventricular dissociation. Aberrant QES 
complexes and marked left ventricular preponderance were evident. 

COJIMENT 

The long duz-ation of the lii.stoiy of complete heai-t-block in tlzis case 
is extraoi’dinaiy. From the liistoiy it is impossible to be ceifain what 
acute infection the patient had when he was tlzirteen years of age. It 
may ha.ve been diphtheria or septic sore tlu’oat; either or both could 
have produced he-art-block. I believe there is veiy little doubt that 
heart-block had been present constantly since the onset, even through 
the shoiT period following tonsillectomy when he noticed that his cardiac 
rate was slightly faster than it usually was; he was not sure what the 
rate was duidng this shoi*t period. 

His cardiac efficiency was about as good when I examined him as it 
had been since his illness thiidy years before. If he resti’icted his activi- 
ties somewhat, he had practically no difficulty. 
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It is to be presumed that the lesion responsible for the block was 
some acute inflammatoiy process which by cicatrization brought about 
the permanent interruption of the functions of the auriculoventricular 
bundle. 
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PaiU, John E., and Leddy, P. A.: The Social Incidence of Kheumatic Heart Disease. 

A Statistical Study in Yale University Students. Ain. J. ]M. Sc. 184: 597, 1932. 

The incidence of rheumatic lieart disease in a group of 791-1 undergraduate students 
of Yale University has been found to be 8.2 per thousand as compared vith 15 per 
tliousand ■whicii is an average figure obtained from statistics of comparable age groups 
of individuals in other walks of life. Among the men in this group who had attended 
expensive boarding scliools, the incidence was 5.S per thousand as compared with 12.5 
per thousand among those in high schools. 

The contention that rheumatic fever is a disease which finds a lower incidence 
among people of ample means finds support in those observations. According to the 
methods employed, the factor of poverty does not, however, seem to be ns important a 
predisposing role in determining the incidence of rheumatic heart disease as it does in 
clinical tuberculosis. 

Wetlierby, Macnider: Chronic Arthritis. A Clinical Analysis of Three Hundred and 

Fifty Cases. Arch. Int. ]Mcd. 50; 92G, 1932. 

Three hundred and fiftj' consecutive cases of chronic arthritis have boon subjected to 
a clinical analj'sis. In this scries, GS.57 per cent of the patients were women and 31.43 
per cent were men. The peak of onset occurred in the fifth decade for both sexes. The 
duration of symptoms in this scries was over one year in 88 per cent and over five years 
in 55 per cent of the cases. 

jMonartieuIar involvement, in a strict sense, was present in only 5 of the 350 cases. 
A study of the joints involved showed the knees to be affected most frequently in 82.8 
per cent of all cases. Other joints commonly involved were the following: fingers, 
61.1 per cent; ankles, 58.3 per cent; spine, 57,1 per cent; shoulders, 57.1 per cent; 
uTists, 50 per cent; hips, 44.6 per cent; and elbows, 42.6 per cent. 

There are certain definite sex differences in the distribution of the joints affected, 
there being a significantly more frequent involvement of the fingers, hands and toes in 
women and of the spine, hijis and feet in men. There is also a marked difference be- 
tween the sexes in the joints most severely involved, the fingers being the most seriouslj’ 
affected in 16.6 per cent of the ummen and in only 0.9 per cent of the men, while, on 
the other hand, the spine was most severely affected in 20 per cent of the men and 
in only 5.8 per cent of the women. 

A study made of the percentage distribution of involvement of the joints by decades 
showed no striking differences in the distribution in arthritis coming on at different 
decades of life. 

In 32 patients mth chronic arthritis there was an acute febrile onset which was sim- 
ilar to the clinical description of rheumatic fever. Such an acute onset was much more 
frequent in the younger age group. Of this number, 6 (18.7 per cent) had definite 
rheumatic involvement of the heart. The incidence of rheumatic disease of the heart 
in the total group of 350 patients was 7 (2 per cent) . 
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Probable sources of streptococcic infection .vcre knorni to precede the artbntis nn 
102 cases (29.1 per cent). The more common inciting sources mere dental infection, 
smusbis, acute respiratory infection, tonsilitis, puerperal sepsis and the puerpenum 
without knomn infection. Polyarthritis immediately followed definite trauma in 12 

CtlSCS. 

Subcutaneous nodules mere sought in 300 consecutive arthritic patients and mere 
found to be present in 94 cases (31.3 per cent). The incidence of subcutaneous nodules 
ivas deteriniued for the various age groups ; they mere found to be present in oyer 40 per 
cent of the patients over fifty years of age. Such nodules mere found m patients mith 
various clinical and roentgeii-raj’ findings. 

Eoeiitgeii-ray examinations of all painful joints in 00 consecutive cases have shomii 
a pure type of iiiYolvemeiit in only 33.3 per cent, a mixed type in 58.3 per cent and no 
positive findings in S.3 per cent of the eases. 


Schmartz, Sidney P., and Jezer, Abraham: Transient Ventricular Fibrillation. The 
Clinical and Electrocardiographic Manifestations of the Syncopal Seizures in a 
Patient With Auriculoventricular Dissociation. Arch. Int. hied. 50: 450, 1932. 


A clinical and electrocardiographic study mas made of the sj’iicopal seizures in a pa- 
tient mith auriculoventricular dissociation. More than a liundred electrocardiograms 
obtained during such seizures revealed the cardiac mcehanisni to be due to transient 
ventricular fibrillation. 

The natural periods of transient ventricular fibrillation in the patient have varied in 
duration from only a fern seconds to six minutes each, and as many as tmo hundred and 
seven attacks of unconsciousness have been observed during a period of tmenty-four 
hours vith spontaneous revival. During a period of four months’ observation, not a 
single day passed Avithout the patient experiencing at least one attack. 

The premonitory periods preceding a transient seizure of ventricular fibrillation of 
the ventricles have been variable. They consisted at first of alternate premature beats 
of the A'entricles, mhich increased the basic ventricular rate. These mere follomed 
shortly by irregular periods of recurring groups of aberrant A'entricular oscillations, 
only the first ferv of Avhich could be lieard at the apical region of the heart or felt at 
the radial pulse. 


Pallor of the face and momentary loss of consciousness follomed the appearance of 
these recurrent groups of ventricular oscillations mhen, during their presence, the pulse 
disappeared for more than eight seconds but for not more than trA'elve. 

A major attack of unconsciousness mith cyanosis, stertorous breathing and convul- 
sions took place when the heart sounds and pulse disappeared for at least twenty but 
not less than forty seconds. The electrocardiograms made during these periods in- 
variably revealed ventricular fibrillation. 

The frequency of the ventricular oscillations during the periods of transient ventric- 
ular fibrillation varied from 250 to 500 per minute. 

Spontaneous revmal from a seizure of ventricular fibrillation mas usually ushered in 
low electrocardiograms of a postundulatory pause, mhich mas fol- 

TPa!i intermediary idioventricular rhythm, ns a rule, with an increasingly ir- 

ar ra e before the restoration of the basic ventricular rhythm. 

ulafdTssToi”?''”*' appreciate that syncopal seizures in patients rvith auriculoventric- 

iilavfibrillaSortlmt r''? associated nith transient periods of ventric- 

■ ii^iiiation that has been suspected hitherto. 

veidrteXf cbsStiM f prevention of syncopal seizures in patients mith auriculo- 
">»^erlj-ing these s^Zs^' knowledge of the cardiac mechanism 
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Bedell, Caroline C.: Auricular Flutter Witli l:i Response. Bull. Johns Hophins 

Hosp. 52: 225, 1933. 

Paroxysmal attacks of 1 : 1 response occurring during the course of auricular flutter 
are described in 24 cases. Three of these cases are reported for the first time Tvith elec- 
trocardiograms and tabulated analysis of the records obtained. An autopsy report on 
one of the eases is included. The remaining 21 eases have been gathered from the 
literature. 

One-to-one flutter occurs most frequently in the fifth decade of life. It has not been 
observed above the age of fifty-seven years, in contrast to other forms of auricular 
flutter which may occur after the age of seventy years. In other respects the etiology is 
similar. One-to-one paroxysms occurred during the course of established auricular 
flutter in Avhich a high grade of block is not established, often with increasing ease and 
frequency. The attack begins abruptly following exertion. Extreme weakness, short- 
ness of breath and palpitation are the usual manifestations. Syncope, precordial pain 
and congestive failure may occur. After minutes or hours, the attack subsides gradu- 
ally. Attacks have followed the administration of quinidine, as well as the combina- 
tion of atropine and avertin. 

The attacks of syncope and possibility of congestive failure during frequent par- 
oxysms somewhat modify the general prognosis in flutter. Digitalis effectively pre- 
vents 1:1 paroxysms by increasing the A-V block. During quinidine administration, 
the patient should be in bed on account of the possibility of paroxysms. 

Sigler, Louis H.: Functional Bundle-Branch Block (Partial) Paradoxically Relieved 

by Vagal Stimulation. Am. J. M. Sc. 185: 211, 1933. 

Bundle-branch block complete and partial may be functional in origin caused pre- 
dominantly by vagal inhibition and fatigue. Restoration of normal QES complexes 
in such cases may be accomplished by removal of vagus inhibition where vagal effect 
is the underlying cause and by local rest where fatigue is the cause. 

A parodoxical case is reported where left vagal stimulation apparently removed 
rather than caused such block. The underlying functional disturbance in this case was 
apparently fatigue of one of the bundle branches which was sufficiently relieved by in- 
creased vagal slowing to permit normal bundle-branch conduction. Abnormal QRS 
complexes occurred after as long a rest as 0.56 of a second, and normal complexes were 
restored by additional rest of 0.08 second. 

Graybiel, Ashton, and Sprague, Howard B.: Bundle-Branch Block; An Analysis of 

395 Cases. Am. J. M. Sc. 185: 395, 1933. 

An analysis of 395 cases of bundle-branch block is presented. It is felt that diag- 
nosis of bundle-branch block can only be made with certainty by the use of tlie electro- 
cardiogram. From the standpoint of diagnosis and prognosis, it is important to de- 
termine its presence in cardiac patients. 

Bundle-branch block almost invariably indicates serious organic disease of the lieart, 
usually coronary disease; the average duration of life of the 223 fatal cases in this 
series after the discovery of the conduction fault was one year and two months, but 85 
other patients are still alive after an average of two years and eleven months following 
the discovery of the bundle-branch block. Partial bundle-branch block must be re- 
garded clinically as equally significant wuth complete bundle branch block, the prog- 
nosis in both being essentially the same. 
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Conner Lewis A.: A Discussion of the Role of Arterial Thrombosis in the Visceral 
Diseases of Middle Life, Based Upon Analogies Drawn Trom Coronary Throm- 
bosis. Am. J. M. Sc. 185: 13, 1933. 


Attention is called to the fact that whereas thrombosis in the arteries of the heart 
and of the brain is known to be common and is easy of clinical recognition, almost 
nothing is known concerning the symptoms of arterial thrombosis in ttie abdominal 
viscera. Nevertheless, the frequent occurrence of degenerative changes in the arteries 
of the pancreas, kidneys, spleen and mesentery indicates that thrombosis m these ves- 
sels cannot be rare. _ 

The failure to recognize attacks of arterial thrombosis in the abdominal organs must 

he due in part to the inherent difficulties of diagnosis, but is almost certainly also due 
partly to our failure to have the possibility of such attacks in mind and to have ac- 
cumulated pertinent evidence. 

An attempt is made to construct a framework of diagnosis for arterial thrombosis 
ill the kidney, pancreas, spleen and mesentery by utilizing certain symptoms associated 
with thrombotic infarction in tlie heart (fever, leiicocytosis) and those which result 
from infarction due to embolism in the kidnej', spleen and mesentery. 

It seems probable that when both internists and pathologists begin seriously to seek 
for evidences of such thromboses and to correlate their findings, the difficulties of diag- 
nosis T\’ill be found to be not insurmountable and the lineaments of the respective clin- 
ical pictures will gradually emerge from the present obscurity, much as have those of 
the diagnosis of coronary thrombosis. 


Coombs, Carey P.: Prognosis in Coronary Thrombosis. Bristol Med. Chir. J. 49: 
277, 1932. 


A sad interest attaches to this paper, the proofs of which were returned by Dr. 
Coombs on the day before his death from coronary thrombosis. In the same journal 
are printed a photograph and obituary of Dr. Coombs. 

The remarks contained in the paper are based on notes from 144 patients seen by the 
author. Of the 144 patients, one out of three died in, or shortly after, the attack. He 
states that the prognosis depends more upon the severity of the attack than upon the 
background of the patient. He believes that data derived from the state of the periph- 
eral circulation on examination give important information. The immediate danger in 
cardiac infarction is that the heart will not be able to fill tlie periplieral circulation. It 
is this that makes extreme pallor so ominous a symptom. Measurement of the blood 
pressure also nearly always gives reliable evidence of the extent to which the efficiency 
of the peripheral circulation is impaired. The most significant feature is the fall in the 
s}stoIie tension. Also a most direct measure of the efficiency with which the damaged 
heart is filling the vessels is the pulse pressure. "While a low pulse pressure, especially 
elow 25 per cent, is a had sign, it is not possible to claim that patients with a wide 
pulse pressure are sure to recover. The author states that if he were compelled to rely 
or prognosis on one sign alone, it would he the pulse pressure that he would choose. 

He points out that with increasing experience it is possible to make a diagnosis of 
coronary thrombosis in relatively mild eases, and when these are included in a study, 
number of patients who recover can be expected to increase. 


Syniposium 

Shields: 

1933. 


on Chronic Myocarditis. New England Heart Association. I. Warren, 
The Pathology of Chronic Myocarditis. New England J. Med. 208; . 573 ' 


and which are L those changes that can he recognized by the pathologist 

due princinaUv to ^ “Jocarditis. These changes are 

P y impairment of the coronary circulation associated with arterioscle- 
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rosis or atherosclerosis. He points out, too, the great frequency with Avhich fibrous 
myocarditis occurs in di.abotic autopsies. He believes this is due to the marked degree 
of arteriosclerosis shown by these cases. 

II. Christian, Henry A.; Diagnosis of Chronic Nonvalvular Cardiac Disease 

(Chronic Myocarditis). New England J. Med. 208: 574, 1933. 

Terminologj' is unsatisfactory, aironic nonvalvular cardiac disease, if one under- 
stands that the pericardium is not concerned, is satisfactorily descriptive. Clironic 
mjmearditis carries the idea of inflammation ■with connective tissue proliferation and 
this usually is lacking. However, in classical Greek the termination “itis” did not 
mean inflammation of but merely "concerning, of or about," and in this classical sense 
chronic myocarditis is a justified title. 

Chronic myocarditis constitutes half of cardiac patients in an adult clinic: in- 
cidence increased with advancing j-ears; rare before 45 except after hj'pertension ; 
may occur at any ago from the cradle to the grave. 

Sj’inptoms are those of cardiac insuflicieney of anj' cause. 

Physical examination shows cardiac enlargement; in obese or emphysematous pa- 
tients x-ray pictures may be needed to determine the size of the heart. Very rarely the 
heart is not enlarged. 

A murmur, systolic in time, often is present, but there may bo no murmur; if present, 
maj’ be of any intensity or distribution; basal diastolic murmur sometimes is heard, 
due to dilatation of aortic or pulmonic orifice. 

Ehythm is regular or irregular; extrasystoles arc most frequent; auricular fibrilla- 
tion is next in frequency; bundle-branch block or intraventricular block is quite often 
shown in electrocardiogram ; bundle-branch block is often detectable by inspection and 
palpation as pointed out by John T. King, Jr. 

Hypertension is often present and is an important etiological factor, but in some pa- 
tients is never present. Arteriosclerosis, cspeciallj' of coronary arteries, has the same 
relation ; syphilis is not an etiological factor except exceedingly rarely. 

In a high percentage of cases, clinical diagnosis is confirmed at autopsy. 

III. Jackson, Henry: Treatment of Nonvalvular Heart Disease of Middle and Old 

Age. New England J. Med. 208: 574, 1933. 

The author discusses the various measures which are recognized to be of value in pre- 
serving such patients from further strain on their heart. He also discusses briefly the 
use of digitalis, nitroglycerine and similar drugs. 

Brown, Madelaine R.: A Study of the Pathogenesis of Myocardial Fibrosis 

(‘‘Chronic Fibrous Myocarditis”). Am. J. M. Sc. 184: 707, 1932. 

The material for this study consists of 1000 consecutive autopsies of which 110 de- 
scribed areas of scar tissue in the myocardium. It was not evident from a study of these 
cases that infectious diseases or toxines gave rise directly to fibrosis of the myocardium, 
although they may be concerned in producing arteriosclerosis of the coronary arteries. 
Direct invasion of the heart muscle in syphilis and rheumatism plays a minor role in the 
pathogenesis of myocardial scarring. 

Disease of the coronary arteries ■which was present in 70 of the 110 cases causing 
either infarction or more slowly produced ischemic necrosis of the muscle fibers, is ad- 
vanced as the important etiological agent of myocardial scarring ("chronic fibrous 
myocarditis”). 
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Lisa, James R., and Bing, Alfred; Myocardial Infarction or Gross TiLrosis. Analysis 

of One Hundred Necropsies. Arch. Ini. Med, 50: 131,10.32. 

A scries of 100 autopsies sliowing myocardial infarction or gross myocardi.al fibrosis, 
consisting of lO.G per cent of 942 autopsies performed is analyzed. Thirty-tAvo of these 
cases showed definite recent cardiac infarction, while CS .showed fibrotic patches inter- 
preted as probable old infarction. Eighty-three wore in males, 17 in females. 3'hc av- 
erage age of .all patients was ()0..S years. 3'hc youngest was twenty-eight, years old, the 
oldest eighty-three years. 3’hc average weight of the heart was .310 gm. Most of the 
lesions were located in the left ventricular wall or involved the left ventricle and inter- 
ventricular septum, but in 14 eases the lesions averc confined to the septum alone. Ap- 
proximately S3 per cent showed moderate to marked coronary sclerosi.s. Coronary 
thrombosis avas noted in 24 cases; in .3 there avas thrombosis of both the left and the 
right coronary artery. Mural thronibosiK occurred in 34 cases, in 10 of avhich there had 
been recent infarction. Aneurysm of the left ventricle avas noted in .3 cases; chronic 
adhesive pericarditis occurred in 10. 'fen jiafients had jiositivc M'assermann reactions, 
while 9 others showed evidence of vascular syphili.s at antojisy. irypertensioii occurred 
ill approximately CO per cent of the cases. In 24 eases in which electrocardiograms avere 
taken, the most frequent change avas abnormality of the T-avave, avhich occurred in 23. 
Seventeen cases .shoaved abnormalities of the QRS complex, ;3 auricular fibrillation .and 
1 complete heart block. Eifty-six cases jireseiited cardiac .symptomatology, while in 
the remaining 44 the syinptoins avere referred to some other organ. Eight of the 12 
sudden deaths in the series avere due to recent cardiac infarction. 


Bach, Prancls, and Boimic, Geoffrey: Permanent Organic Cardiovascular Disease 
After Thyrotoxemia. Quarterly ,T. ]\rod. 1: .370, 1032. 

The authors have studied 30 patients aadio had previously suffered from actia'o tliv- 
lotoxicosis in whom no signs of present thyroidal acliauly avere discoverable aadicn rc- 
c.xaniiiied for cardiovascular abnormality. 

It is concluded from this study that fliyrotoxicosis does not jirodueo jiermaiieiif 
changes in the normal heart. It may produce an additional mync:irdial change in hearts 
affected by some other cause of myocarditis, or predisposed to arteriosclerosis. The 

dnsease may initiate hypertension prosnmahlv in individuals predisposed to that 
condition. 



Book Reviews 


Clinical Aspects of the Electrocardiogram, Including the Cardiac Arrhyth- 
mias. By Harold E. B. Pardee, M.D. Pp. 295, with 74 illustrations. New York, 
Paul B. Hoeber, Ine., 1933, third edition. 

The fact that this excellent manual has now required a third edition is eloquent 
testimony both to the merit of the book as a clinical guide and to the rapid growth 
of the science of clinical electrocardiography. The latter has made necessary ex- 
tensive rewriting of many of the chapters and the addition of much new material. 
It is interesting to note that in the discussion of the localization of ventricular 
premature beats and of the myocardial lesions giving rise to bundle-branch block, 
the more recent views as to localization are accepted by the author. 

This new edition fully merits a. continuance of the popularity earned by the 
earlier ones. 

Infarto Cardiaco. By Pedro A. Castillo, M.D., Profesor de Clinica Medica, 
Havana. Pp. 351, with 99 figures, 2 colored plates. Havana, Talleres 
Tipograficos “La Propagandista, ” 1931. 

Professor Castillo’s book on cardiac infarction should be of interest and value 
to Spanish-speaking physicians. No new facts or startling theories are expressed, 
but the different aspects of coronary thrombosis are discussed from the author’s 
experience and from his wide knowledge of the literature, and reports of 29 cases 
— some with post-mortem observations — are included. The material is arranged in 
orderly sequence; the volume is generously illustrated; and there is a long bibliog- 
raphy. Evidences of hasty proof reading mar an otlierwise excellent book. 

E. H. 

Nouveau Traite de Medicine. Fascicule X. Pathologie de l’Appareil Circula- 
TOiRE (CoEUR ET Vaisseaux). Vol. Ill, pp. 720. Masson & Cie. Paris, 1933. 

This volume — the work of Drs. Bickel, Coureoux, Dumas, Durand, Gaugier, Goyet, 
Gravier, Legry and Belong — deals with diseases of the blood vessels and completes 
the series of three volumes on the pathology of the circulatory system. More than 
half the pages are devoted to aortitis, aneurysm, arteritis and arterial tension, with 
shorter sections on thrombo-angiitis obliterans, periarteritis nodosa, arterial embolism 
and diseases of the veins. The work is carefully prepared and well illustrated and 
in general plan is similar to the earlier volumes. 
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4. Manj^ j)atients with angina pectoris are free from pain or have 
less pain following recover}^ from an attack of coronary occlusion.^ 
This occurs because the localized, sensitive area previously supplied 
by the occluded artery has been replaced by fibrous tissue (infarc- 
tion) and is no longer capable of conducting painful sensations^ 

The theory that angina pectoris is due to stretching of a diseased 
aorta is losing ground. The opinion prevails today that myocardial 
ischemia is the cause of the pain.^ Keefer and Resnik® have gone a 
step further and on theoretical grounds have concluded that myocar- 
dial anoxemia is the cause of anginal pain. 

These considerations led us to investigate the effect of gradually 
induced general anoxemia on tivo groups of individuals, one having 
impaired coronary circulation, the other having unimpaired coronary 
circulation. We felt that cardiac anoxemia (which is part of general 
anoxemia) might be a means of inducing precordial pain and that the 
response to anoxemia might serve to distinguish between chest pain 
due to impaired coronary circulation and chest pain arising from other 
causes. 

THE SUBJECTS 

Anoxemia was induced in 46 individuals, several of whom were sub- 
jected to the experiment twice. The cases were divided into two 
groups : 

A. Control cases. 

B. Cases of angina pectoris. 

The control group consisted of three sub-groups : 

1. Normal individuals with no history of precordial pain, no cardiac 
symptoms, and no objective signs of cardiac disease. (Normal con- 
trols.) 

2. Individuals without precordial pain but with subjective com- 
plaints related to the circulatory system and with objective evidence 
of cardiac disease such as valvular defects or hypertension. (Cardiac 
controls.) 

3. Individuals having a historj^ of pain in the left chest not due to 
impaired coronary circulation; the diagnoses were .spondylitis, bra- 
chial neuritis, rheumatic carditis, cholecystitis, etc., but not angina 
pectoris. (Pain controls.) 

The eases of angina pectoris consisted of two sub-groups : 

1. Individuals with a history of precordial pain and with objective 
evidence of myocardial disease such as enlarged heart, hypertension, 
harsh systolic murmurs (due to sclerosis of the heart valves or rough- 
ening of the aorta), dilatation or sclerosis of the aorta (determined by 
roentgenological examination), and electrocardiographic changes sug- 
gestive of impaired coronary circulation. (Angina with objective 
findings.) 
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2. Individuals with a history of preeordial pain hut with slight or 
no objective evidence of nij^ocardial disease. The diagnosis here rested 
on the evaluation of symptoms. (Angina without objective findings.) 


The eases were divided numerically as follows : 

Gonti’ol group 1 (normal) 4 cases 

Control group 2 (cardiac) 5 “ 

Control group 3 (with pain) 11 

Angina group 1 (with objective findings) 18 “ 

Angina group 2 (without objective findings) 8 “ 



Fiff. 1. 




rebreathmg. Tlie rebreathing apparatus 
capacitv to^^ from a basal metabolism spirometer of 8 liters 

ing svst attached in series a 20 liter tank. The rebreath 

St tett *‘T«at’ft“r ^ 

arculatioa. Attached to the top o£ the larger tank was a 
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cylinder containing soda lime. At the base of the cylinder was a valve 
which could be turned to permit the soda lime to be either in or out of 
the rebreathing- system. In this way we could control the absorption 
of carbon dioxide, either reinoving it or permitting it to accumulate. 
A graphic record of the respirations was taken. 

Before anoxemia urns induced the spirometer was filled with ox^'^gen, 
and the patient rebreathed an oxygen rich mixture for ten minutes. 
During this control ijeriod the patient "was made familiar with the ap- 
paratus, was peimiitted to relax, and was reassured of the harmless- 
ness of the test. 

The apparatus was tlien filled with room or outside air, and electro- 
cardiographic leads were applied to the patient. The confidence of the 
patient having been Avon during the control period, he AA’'as given an 
explanation of the procedure to follow. He Avas told that during the 
second breathing test he Avould be uncomfortable, that he might be- 
come dizzy, or dcAmlop headache, or suffer palpitation, that none of 
these discomforts Avould be scA'^ere, and that they Avould disappear as 
soon as the test Avas stopi^ed. He aa^s told that these uncomfortable sen- 
sations should cause no alarm, that thej’' Avere an cauI necessary for the 
successful performance of the test. It Avas explained that certain 
changes appeared in the eleetroeardiogi*am during the breathing test 
that Avere not otherAvise present and that it Avas necessary for him to 
Avithstand the discomforts so that Ave might obtain more information 
about his heart. We further told him that Ave did not Avish him to 
become too uncomfortable, that AA’^hen he felt he could no longer toler- 
ate the discomfort he Avas to raise his hand as a signal to stop. We 
asked, howcAmr, that he continue for as long a time as he could because 
the longer he breathed through the apparatus, the more information 
Ave could obtain. 

No mention Avas made of the chest imin that might develop because 
Ave did not wish to influence the patient by suggestion. Pui-thermore, 
in order to obtain unbiased results, the operator himself kneAV nothing 
of the clinical status of the patient prior to the performance of the 
experiment. 

Questions wei-e asked of the patient after the experiment. Sugges- 
tion AA^^as carefully aAmided as before. He Avas asked if he had ex- 
perienced dizziness, headache, or palpitation. WheneA'^er pain had 
been felt, this was, with feAV exceptions, volunteered spontaneously. 
The patient was asked his reasons for not Avishing to eontinue re- 
breathing. The usual reason was pain or respiratory difficulty. But 
some of the ansAvers Avere, to say the least, disturbing. 

We were told, for instance, “I was afraid I Avas going to get an 
attack of pain,” or “My doctor told me that I am not sensitive and 
I don’t know when I feel pain, so I Avas afraid I was injuring myself 
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without knowing it,” or “Yon told me it would take ten minutes and 
I saw that the time was up/’ or “I saw that the lines on the breath- 
ing chart were running together.” Sneh experiments were, of course, 

discarded. 

The disadvantage of the rebreather employed was the inability of 
the patient to talk during the experiment. Since the breathing tube 
was in the month, the subject had to wait to make comments or com- 
plaints until the termination of the test. Ideally, we should like to 
have had a cabinet or transparent head covering in which the patient 
might be observed and blood pressures, electrocardiograms, and blood 
samples taken, yet in which the patient could speak. 

For a brief time, we used instead of a rebreathing system, a mask 
through which a 6 per cent oxygen mixture was administered to the 
patient. This proved unsatisfactory because anoxemia developed too 
rapidly. Instead of developing preeordial pain, the patient lost con- 
sciousness. This sometimes occurred with the rebreathing method of 
inducing anoxemia. Schneider'* has shown that when anoxemia is in- 
duced rapidly, the symptoms appearing are cerebral, but Avhen an- 
oxemia is induced more slowly the circulatory system responds. There- 
fore, with our technic we endeavored to establish the period of re- 
breathing as from 10 to 15 minutes. Actually, the period varied from 
8 to 23.5 minutes, except in two cases of 4 and 6 minutes, respectiveljL 
The disadvantages of continuing too long were the discomforts of 
dryness of the throat, pinching of the nose by the nose clamp, pressure of 
the electrodes or bandages, or lying in one position for too long a time. 

At the end of each rebreathing period a specimen of air was taken 
from the auxiliary tank and examined with the Haldane apparatus 
for its oxygen and carbon dioxide content. 


The oxygen content of the insioired air furnished a good index of 
the degree of anoxemia. Wlien the oxygen level reached 12 per cent, 
there were rarely symptoms of oxygen lack. At 11 per cent, anoxemic 
symptoms occasionally appeared. At 10 per cent, symptoms were 
almost always present, and at 8 per cent they were always present. 
Furthermore, by watching the ear for cyanosis, we Avere able to esti- 
mate the degree of anoxemia. At 12 per cent, there Avas rarely cyano- 
sis-, at 11 per cent there Avas occasionally slight cyanosis; at 10 per 

cent moderate cyanosis Avas the rule, and at 8 per cent or less there 
was marked cyanosis.** 

Nevertheless, the oxygen level of the blood does not follow exactly 
lie oxypn level of the inspired air. Loewy® showed that the oxygen 
ension in the alveoli sinks to between 30 and 35 mm. of mercury be- 
oygen lack appear. The percentage of oxygen in the 
varies gives an alveolar oxygen tension of 30 to 35 mm. 

anes with the depth of respiration. With shallow respirations, the 
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inspired air may contain as much as 12 per cent oxygen, while the 
alveolar tension is 35 mm. With deeper respirations, {) to 30 per cent 
oxygen in the air will give an alveolar tension oj‘ 35 mm. It is there- 
fore more dillicult to render a subject anoxcmic if he breathes deeply. 

Blood gas studies were not made. In order to study the arterial 
oxygen, it would have been necessary to puncture an artery. This is 
frecpiently painful and adds a p.sychic factor. Often, too, a minute or 
more is recpiired before one can obtain the hlood sample. Once the 
jiationt has signalled for the test to be stopped, a minute is too long 
a lime to continue. ICvery second is important lest the patient lose 
consciousness or detach the mouthpiece. Arterial blood determina- 
tions were, therefore, not feasible. However, blood gas studies are in 
order. It remains to devise a tecbnic for collecting blood .specimens 
without interfering with the expeidment. 

ni:.suLT.s 

The eU'ect of induced anoxemia in our subjects was as follows: 

p (iinrinal). -1 subjects, 0 developed pain 

Control Group 2 (cardiac), 5 subjects, 0 developed pain 

t."? (jiain), n .subjects, 0 developed ])ain 

il (objective flndinps), IS .subjects, 11 develoj)ed pain 

Anpin.i iroup objective flndinps), S subjects, 7 developed pain 

Of 26 indivUluah suffcriiir/ from (nu/iiia pectoris (impairment of the 
coronarn circulation), J8 developed precordial pain d urine/ induced gen- 
eral anoxemia and 8 did not. Tu’cnlti control subjects did not experi- 
ence pain. 

Pain appeared when the oxygen level fell to between 11 tind G per 
cent. The pain was identical in character and distribution with the 
pain of which the ]mtient gave a history except that it was generall.v 
milder. Occasionally, however, the attack of pain produced was more 
severe than the s])ontaneous attacks. A patient who gave a history of 
pain beginning in the left elbow radiating to the chest, developed a 
pain in the same site and with the same radiation during anoxemia. 
Several patients remarked, “This is the same pain that bothers me.” 
The pain subsided, as a rule, as .soon as air (20.9 per eent oxygon) was 
admitted to the lungs. Occasionally, the pain persisted for several 
minutes after the end of the experiment. On three oeeasions it Avas 
neeessaiy to administer amyl nitrite for relief of the pain. 

In order to rule out the possibility that the increased re.spiratory 
actiAdty Avhich appears during anoxemia is the cause of the anginal 
attacks, Ave iiiAmstigated the elfect of hyperventilation Avithout an- 
oxemia on thirteen individuals Avho had developed pain during an- 
oxemia. Carbon dioxide inhalations Avere used to reproduce the deep 
breathing appearing in the last fcAv minutes of the anoxemic period. 
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Therebreatliing apparatus was filled with oxygen (25 to 40 per cent), 
and the patient was connected to it. For the first five to seven minutes 
the carbon dioxide was absorbed, then the valve was turned so that 
the carbon dioxide accumulated. Almost immediately thereafter an 
increase in . the rate and depth of respiration began and continued 
progressively until the end of a ten-minute period. The carbon di- 
oxide content of the inspired air at the end of the experiment varied 
from 1.2 to 3.7 per cent (average 2.1 per cent). Pain appeared in but 
one case (q.v.) and ivas caused, without doubt, by the exeiteineut of 
the experiment. 

Several experiments illustrate significant points and are therefore 
considered individual!}’'. 

One patient {IL W.) developed an attack of pain during the con- 
trol period as well as during the anoxemic period of rebreathing. Dur- 
ing the anoxemic period he did not become cyanotic (the oxygen level 
of inspired air at the end of the experiment was 12 per cent) ; although 
the attack of pain which developed was much more severe than the 
attack he experienced during the control period. We attributed both 
attacks to the excitement of the experiment and did not include him 
in the seines. Clinically, the patient had frequent and severe attacks 
precipitated by slight excitement. 

One patient (Case 34) did not develop pain when he reached an 
oxygen level of 12.9 per cent. When later the test was repeated and 
he reached 8.8 per cent, he developed pain. Another patient (Case 36) 
developed no pain at 7.4 per cent. When the experiment was repeated 
at a later date, she developed an attack at 9.6 per cent. She gave a 
history of pain brought on by exertion or excitement on each occasion, 
but for the month before the second test her condition liad been worse. 
These two cases illustrate that factors in addition to anoxemia, iier se, 
are in part responsible for the production of pain. 

One patient (Case 10), a man of forty-three years, with rheumatic 
heart disease, mitral stenosis, aortic insufficiency, and auricular fibril- 
lation, came into the hospital with acute, severe precordial pain un- 
relieved by nitroglycerin and % grain of morphine sulphate. The 
diagnosis of coronary occlusion was made and he was treated accord- 
ingly. Several weeks latei’, the anoxemia experiment resulted nega- 
tively for pain, the oxygen level reaching 6.1 per cent. A month later 
he died, quite suddenly, from cerebral embolus. Post-mortem examina- 
tion revealed healthy coronary arteries. There was both an old and 
recent rheumatic infection of the heart. 


One patient (Case 38) in whom we were able to precipitate an at- 
ack of pain, was classed originally in the group without objective 
evidence of myocardial damage (angina group 2). Later, electrocar- 
lographic evidence of myocardial damage beeame overt, the T-wave 
ecame flat in Lead I and inverted in Leads 11 and III, and we changed 
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the elassifieatioii to angina gi'oup 1, i.e., with evidence of imjpaii’ed 
eoronaiy circulation. This indicates tlie potential value of the an- 
oxemia test in establishing the diagnosis of eoronaiy arteiy disease 
ivhile there are onlj' subjective sjunptoms. 

In Case 27, the subject was classed in tlic series that did not de- 
velop pain. However, he did develop a “heaviness of the chest” dur- 
ing anoxemia. The patient gave a history of attacks of “heaviness 
of the chest” associated with preeordial pain. Inasmuch as we were 
unable to reproduce the attack in its entirety, we omitted this case 
from the list of tliose in whom we were able to precipitate an anginal 
attack. 

The experiments were begun two years ago. During the course of 
developing the technic, more than one hundred tests were made. The 
patients have been closely followed, and there have been no untoward 
efl’eets as a result of the experiments. 


DISCUSSION 

In eases with definite impairment of the coronary circulation we 
hesitated to continue the experiment beyond the point of evident dis- 
comfort. We believe that more individuals would have developed pain 
had anoxemia been continued. By reference to Table I showing the 
oxygen levels reached by our cases of angina pectoris, it will be seen 
that five subjects who did not develop pain did not go below 8 per 
cent. On the otlicr hand, in the eases t])at developed iiain, it will be 
noted that pain did not appear at times until the oxygen level reached 
7 per cent. In one instance, with a A'cry cooperative and calm patient, 
pain appeared only at 5.51 iier cent. Furthermore, as time went on and 
our technic improved, the percentage of patients ivith clinieal eoro- 
naiy artery disease in whom wo ivere able to reproduce pain increased. 
In the first 21 experiments on subjects with angina pectoris, 12 sub- 
jects experienced pain, whereas in the last 7 experiments on the same 
group, 6 subjects experienced pain. In addition, two subjects who 
did not develop pain at the first trial, at the beginning of our experi- 
ments, did later at a second tidal. 

It is a well-known clinieal fact that after cardiac infarction patients 
frequently have less severe pain than in the prethrombotic stage. This 
may explain why the definitely anginal group showed such a high 
per cent that did not develop pain. The stimulus, anoxemia, was in- 
adequate and we were unable to pass the pain threshold. 

Fui’ther analysis of Table I reveals no relationship between the 
oxygen level and the onset of pain. We are unable at present to dem- 
onstrate an oxygen level at which pain commences or ceases. More 
impoitant is the relation between the sensitiveness of the patient and 
the degree of anoxemia necessary to initiate pain. In several instances 
Libman’s pain tesF was made (unfoitunatel.y not in all cases), and it 
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was found that at least two of the subjects in whom we were unable 
to produce pain were hyposensitive. A large series of individuals 
must be studied, however, before final conclusions may be drawn. 

Table I 

Oxygen Level at End of Experiment in Anginous Cases 

— ~~ ~ ~ CASES DEVELOP- CASES NOT DEVELOP- 





ING PAIN 

ING PAIN 



r 

6.4% 

6.4% 



j 

7.1 

*7.4 




8.4 

7.9 




S.6 

7.9 

Group 1 



8.6 

8.0 

(witli objective evidence of 



tS.8 

8.1 

myocardial disease) 



9.4 

9.4 




"^9.6 

9.8 




9.9 

112.9 




11.2 





11.2 



1 


5.0 

8.7 




8.4 


Group II 



8.8 


(witbout objective evideueo 



8.9 


of myocardial disease) 



9.1 





9.C 





9.8 


Average for Groups 1 and II 



8.8 

8.5 


t, “ Same case. 


Table II 


Percentage of Oxygen in Inspired Air at End of Experiment 


control 

control 

control 

ANGINA 

ANGINA 

GROUP 

GROUP 

GROUP 

GROUP 

GROUP 

I 

II 

HI 

I 

11 

6.1 

7.8 

8.1 

8.9 

6,4 

7.8 

8.1 

8.3 

8.7 

6.4 

6.8 

7.0 

7.5 

7.7 

6.4 

6.4 

7.1 

7.4* 

7.9 

5.9 

8.4 

8.7 

8.8 

8.9 


1 

8.1 

8.5 

8.8 

8.8 

; 7.9 

8.0 

8.1 

8.4 

9.1 

9.6 

0.8 



9.6 

8.6 


1 


10.3 

8.6 





8.8t 

9.4 


1 


1 

9.4 

9.6* 





9.8 

1 




9.9 




1 

11.2 

11.2 

12.9 1 


Average 

7.7 

Average 

7.9 

Average 
• 8.1 

Average 

8.85 

Average 

SR 

Average for ail control 

8.0 

t I Same case. 

cases 

Average for all anginous cases 
8.8 





738 


THE AMERICAN HEART JOURNAL 


Examination of Table II showing’ the percentage of oxygen in the 
inspired air at the end of each experiment, demonstrates no appreci- 
able difference between the oxygen level reached by the controls and 
by those with impaired coronary circulation. This supports the view 
that the response to anoxemia is not a test of cardiac function.® 

One may ask why our control subjects did not experience pain. If 
myocardial anoxemia is a cause of anginal pain, then any mjmcardium, 
damaged or sound, Avhen anoxemic, should be painful. There are sev- 
eral answers to this question. First, the degree of anoxemia in our 
control subjects, although the same as in our cases of angina pectoris 
(Table II), may have been insufficient to produce pain. It may be 
that the heart with a good blood supply requires a greater degree of 
oxygen deprivation for tlie initiation of pain than the heart with im- 
paired circulation. Second, it is possible that the hearts of our con- 
trol subjects were hyposensitive, that there existed no areas of in- 
creased sensitivity as in individuals suffering from angina pectoris.* 
Hence, our stimulus, cardiac anoxemia, could not excite pain. Thii-d, 
there occurred in our control subjects, during general anoxemia, a 
compensatory dilatation of the coronary arteries (Hilton and Eicholtz,® 
Gremels and Starling,^" Ilammouda and Kinosita,” whereby an ade- 
quate ox.ygen supply to the myocardium was maintained. On the other 
hand, in our subjects who sufl’ered from angina pectoris, the coronary 
arteries were sclerotic and rigid and unable to dilate during anoxemia. 
Hence the myocardium became anoxemic and the patient felt pain. 

Table HI illustrates that during the control period of hyperventi- 
lation without anoxemia, the minute volume of the respiration tended 
to increase during the last five minutes, and that during the anoxemic 
period the same increase usually but not always appeared. In other 
words, the minute volume of the respiration was increased, as a rule, 
under both conditions. We feel, therefore, that respiratorj’- effort 
played little or no role in the causation of pain. 

In addition to lack of oxygen, other factors may affect the heart 
during anoxemia. During anoxemia, tachj^cardia develops, the dias- 
tolic blood pressure falls,^-’ the pulse pressure rises, and the 
minute volume output of the heart increases.^'*'^'’ One may therefore pro- 
test that unless these factors are controlled, it is not possible to hold an- 
oxemia, per se, responsible for the pain. One may insist that the de- 
creased efficiency of the heart diu’ing tachycardia, the inability of the 
heart to make the best use of its nutritive suppljq is the ca,use of the 
pain. Or one may attribute the pain to the diminished coronary blood 
flow that accompanies a fall in diastolic blood pressure.'® The rise in 
pulse pressure may be held accountable, since a heart works harder 

*Thls lack of cardiac sensitivltj- may explain -why those of our control subjects who 
had essential hypertension and probably some degree of coronary sclerosis had nQ 
pain clinically or experimentally. 
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when t]ie pulse pressure rises. Finally, the increased work of the 
heal t fi om a rise in the minute volume output during anoxemia may 
be held responsible for the pain. 

But leaving these considei'ations aside, we have confirmatoiy evi- 
dence that anoxemia is the cause of the pain, from a recent study^^ by 
one of us on the effect of anoxemia on exercising skeletal muscle. 
It Avas found that oxygen lack is an impoi-tant contributing cause 
of the pain experienced in an exercised muscle. 

SUjMMARY 

1. Anoxemia was induced by rebreatliing in 26 subjects with angina 
pectoris (impaired coronary circulation). Eighteen of the 26 experi- 
enced an attack of precordial pain. Twenty control subjects did not 
develop pain. 

2. The induced attacks Averc identical in character Avith the sponta- 
neous attacks. 

3. Anoxemia is in part respomsible for tlie pain of angina pectoris. 

4. The response to induced anoxemia is of Amine in the diagnosis of 
impaired coronary circulation. Only persons Avith angina pectoris 
experienced pain during anoxemia. 

After our prcliininarj- note had been issued and after this manuscript had been 
composed, a report appeared by Dietrich and Sclnviegk (Dietrich, S., and Sclnviegk, 
H. : Das Schmcrzproblcm der Angina Pectoris, Klin. AA'chnschr. 12: 13.5, 1933) 
confirming our results. 

The folloAving are representative protocols: 

Case 8, control group II, male, forty-two years old. Three mouths before the 
patient began to notice swelling of the ankles which subsided almost completely 
with rest in bed. Otherwise, he felt well. Physical examination, including the heart 
and eye grounds, was negative. Urinalysis revealed casts, albumin, and red blood 
cells; specific gravity 1.010 to 1.022. Basal metabolism: -28, -20, —8, -25. Blood 
pressure: 110/60. Eoentgenogram of the chest showed moderate generalized en- 
largement of the cardiac shadow and moderate dilatation of the aorta. Electro- 
cardiogram: negative. Diagnosis: Nephrotic stage of chronic glomerular nephritis. 
Anoxemia: The experiment lasted 13.5 minutes. The oxygen content reached 8.3 
per cent, the carbon dioxide 0.2 per cent. The heart rate increased from 80 to 130. 
The experiment was stopped because of difficulty in breathing. There was no pre- 
cordial pain. The electrocardiogram showed flattening of the T-waves in Leads 1 
and II. The T-wave of Lead III became less inverted. The S-T segment of all 
three leads showed a drop of about 1 mm. in the last minute. 

Case 17, control group III, male, thirty-six years. The patient complained of 
pains across the chest and down both arms coming in attacks for the past two years. 
The first attack came while the patient had been playing polo after he had been 
hit on the left side of his chest with a polo ball. The pain then radiated across the 
chest and down both arms. There was shortness of breath associated with it. The 
attack lasted about three hours. He had six attacks since then, the last one a week 
before while sitting at the desk. The patient felt “as if somebody were tearing 
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out Ms lungs.” Thoio Avas no scuso of pressure. Prostration did not follow the 
attacks. Ho was able to go about and do anything during the pain. The patient 
climbed two flights of stairs six to seven times a. day without discomfort. He com- 
plained also of a pain in the neck, more on the right side, radiating to ttie shoulder 
blade not related to change in the weather and not relieved by nitroglycerin. 
Physical examination revealed diseased tonsils from which pus could be expressed. 
The heart sounds were normal. The right traper.ius muscle was tender and spastic. 
There was tenderness along the right side of the cervical vertebrae. The lungs 
showed no abnormalities. Blood pressure: 110/90. Pluoroscopy showed tho heart 
to be normal. Electrocardiogram : low voltage. Diagnosis; SpondyUtu's of trmmatw 
origin. Anoxemia: Tho experiment lasted fourteen minute.s, the oxygen level 
reached 7.0 per cent, the carbon dioxide O.OC per cent. Tlio heart rate increased 
from 88 to 105. The experiment was stopped because of difllculty in breathing. 
Precordial pain did not develop. In the electrocardiogram, there developed flatten- 
ing of the T-wave in Leads II and HI. 


Case IS, control group III, male, forty-two years old. At Die ago of cighfeon years 
tho patient suffered an attack of xlicumatic fever which required bed rest for tlircc 
months. Tho patient had at that time pain in the joints but no fever, nor redness 
or swelling of the joints. Since that time he had pain in the back. Por the past 
five to six years there had been a steady pain behind the sternum. The pain was 
no worse on effort. The pain was not present on arising, but as tbe day went on the 
pain appeared and became progressively worse. Upon the patient’s going to bed, 
the pain disappeared. There was no shortness of breath on walking. The pain 
radiated around the left side to tho back. Physical examination: Tlio heart was 
regular and slow, tho sounds were of good quality and there were no murmurs. 
There were no positive findings. Blood pressure: 140/80,170/110. Boentgenograms 
showed normal heart and lungs. The esophagus was markedly dilated, and there 
was spasm of the cordia. Electrocardiogram: negative on two occasions. Diagnosis: 
Cardiospasm- (improved with atropinization). Anoxemia: Duration of the experi- 
ment twelve minutes, oxygen level reached, 10.3 per cent, carbon dioxide 0.7 per 
cent. No electrocardiograms were taken. The experiment was baited because of 
faintness, weakness, and difficulty in broatliiiig. Procordial pain did not develop. 


Case 22, Coronary group I, male, fifty-six years old. Ono and one-half years 
before the patient had suffered a “heart attack.” Since that lime he became easily 
fatigued and short of breath and was compelled to use two pillows for sleep. He 
had attacks of dull pain in tho left side of the chest radiating to tho left arm, 
brought on by exertion. Tim apex of the licart w-as in the fifth interspace, 9 cm. 
to the left of the midline. There was gallop rhythm, and a systolic and diastolic 
apical murmur. The chest was emphysomatoms. The liver edge' was two fingers be- 
low the costal margin. Blood pressure: 140/105. Electrocardiogram: Inverted 
T-wave in Lead I. Intraventricular block. Diagnosis; Coronary artery disease. 
Anoxemia: The experiment lasted ten minutes. Tho oxygen reached 9.8 per cent, 
the carbon dio.xide 0.1 per cent. Tlie pulse rate fell from 80 to 70. In the last 
two minutes the electrocardiogram showed a drop of 1 mm. in the S-T segment of 
i^ean HI. The experiment was stopped because of difficulty in breathing Palpita- 
tion developed, but no preeordial pain. 

rr 

He eras take! B "'“>'5 ago, lie suircica a coronary occlusion, 
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trance into the hospital. The heart sounds were poor. There were no murmurs. 
The chest was emphysematous. Blood pressure: 110/78. Electrocardiogram: Low 
voltage QES and T. in all leads. Diagnosis: Coronary sclerosis; occlusion with 
healed infarction. Anoxemia: The experiment lasted almost twelve minutes. The 
oxygen level reached 8.1 per cent, the carbon dioxide 0.3 per cent. The heart rate 
increased from 88 to 97. The test was stopped because of respiratory distress. 
There was dizziness and headache but no precordial pain. There were no electro- 
cardiographic changes. 

Case 31, Coronary group I, male, fifty-one years old. Three months before the 
patient was in Beth Israel Hospital with an attack of coronary occlusion. He had 
never had symptoms of heart disease prior to the attack. Since the closure he suf- 
fered from shortness of breath and sharp attacks of pain starting in the left 
elbow and radiating up the arm to the shoulder and then down the left side of the 
chest. The pain was brought on by excitement or exertion. The pain was re- 
lieved by nitroglycerin. The apex of the heart was in the fifth interspace, 10 cm. 
to the left of the midline. There was a rough systolic murmur heard best over 
the aortic area. Blood pressure: 106/76. Electrocardiogram: negative. Diagnosis: 
Healed infarction of the heart. Anoxemia: The experiment lasted ten minutes. 
The oxygen reached 8.6 per cent, the carbon dioxide 0.1 per cent. The heart rate 
increased from 81 to 103. The test was halted when the patient developed an 
attack of pain in the left elboAV which radiated to the shoulder and down the left 
side of the chest. This attack Avas identical with the patient’s usual attacks. It 
Avas relieved within a minute after air was admitted. In the last three minutes the 
electrocardiogram shoAved a drop of 1 mm. in the S-T segment of Lead I and an 
eleA’ation of 1 mm. in the S-T segment of Lead III. 

Case 32, Coronary group I, male, sixty-fiA’e years old. For six years the patient 
had suffered from fatigue, shortness of breath, belching, and pain at the upper 
end of the sternum. The pain Avas pressing in nature and radiated to the left arm. 
It Avas brought on by exertion and heavy meals and was relieved by nitroglycerin. 
The apical impulse aaas not palpable. The heart sounds Avere of good quality. 
There Avas a systolic murmur heard best oA'er the aortic area and another heard best 
at the apex. Blood pressure: 160/80. Electrocardiogram: Repeatedly negative un- 
til one month ago Avhen the T-Avave of Lead I became inverted. Diagnosis : Coronary 
artery disease. Anoxemia: Duration eight and one-half minutes. Oxygen level 
reached 11.2 per cent, carbon dioxide 0.2 per cent. Tlie heart rate increased from 
S3 to 100. The electrocardiogram shoAA'cd flattening of the T-AvaA'e in Lead I in 
the last fcAV minutes. The experiment was stopped Avhen the patient developed 
shortness of breath. He doA^eloped a mild attack of precordial pain in the last 
minute. The pain disappeared as soon as air aa'us admitted. 

Case 38, Coronary group I, male, forty years old. The patient, a physician, gave 
a history of attacks of anginal pain commencing ten months previous to the first 
examination. The attacks started AAoth a feeling of oppression under the sternum. 
The pain then radiated to the left shoulder and occasionally to the neck and ahvays 
down the left arm. The last attack Avas a Aveek ago after climbing one flight of 
stairs. The attack lasted about a minute. Nitroglycerin afforded relief. Attacks 
folloAved slight exertion. The heart AA'as rapidly pulsating. It Avas regular. The 
heart sounds were of good quality and there Avere no murmurs. Blood pressure: 
138/92. Fluoroscopy: Heart and aorta normal. Electrocardiogram: Negative 
on the first examination Avhen the anoxemia test Avas performed. Six months later, 
the tracing shoAved a flat T-Avave in Lead I and an inverted T-Avave in Leads II 
and III. Diagnosis: Coronary artery disease. Anoxemia: The experiment lasted 
eleven and one-half minutes, the oxygen reached 9.4 per cent, the carbon dioxide 0.5 
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r,pr cent. The heart rate increased from 97 to 108. The electrocardiogram showed 
I decrease in the height of the T-wave in Leads II and III. During the last min- 
ute the patient developed an attack of pain, identical with his usual attacks, whic i 
caused him to terminate the experiment. The pain was not relieved ' when air was 
admitted and after one and one-half minutes, amyl nitrite was admimstered, which 
gave prompt relief. During the control period the patient was slightly short of 
breath, at intervals but otheruise perfectly comfortable. 

Case 41, Coronary group II, male, forty-four years old. Seven weeks before the 
patient developed a squeezing pain across the chest accompanied by a choking 
sensation and shortness of breath. The first attack came on while the patient was 
walking and attacks recurred daily for five days. He was compelled, with each 
attack, to stop walking. After ten minutes he would be able to go on. The patient 
could walk slowly as far as he liked but he was unable to walk quickly or up stairs 
because of the attacks. The heart sounds were of good quality. There were no 
murmurs. Blood pressure: 150/85. Duoroscopy: The heart was not enlarged. 
There was slight rounding of the left ventricle. Tlic aorta was not dilated and 
the lungs were clear. • Electrocardiogram ; negative on several occasions. Diagnosis : 
Trobdbly coronary sclerosis. Anoxemia: Duration eighteen and one-half minutes, 
oxygen level reached 8.8 per cent, carbon dioxide 0.05 per cent. The heart rate in- 
creased from 90 to 110. Tho T-wave of Lead I became flattened. Tho test was 
halted when the patient developed an attack of pain in the chest. The pain came 
on in the last half minute. It was identical with his usual attacks. The pain 
stopped ivithin a few seconds after air was admitted. During the control period, 
the patient was completely comfortable. 

Case 42, Coronary group II, male, fifty-two years old. The patient complained 
of pain across the nipples for two months. One year ago he had the same sort of 
pain. The pain would come on -when the patient walked or climbed stairs. There 
was tingling of the 16ft arm with the chest pain. Wlien the patient stopped walk- 
ing, the pain disappeared. Tlie heart sounds were slightly distant but otherwdse 
normal. There -were no murmurs. Blood pressure: 130/70. Fluoroscopy: Bound- 
ing with slight hjqiertrophy of the left ventricle. The aorta was elongated but not 
widened. The lungs were clear. Electrocardiogram: Negative. Diagnosis: Prob- 
ably coronary sclerosis. Anoxemia: Duration seventeen minutes. Oxygen 9.8 per 
cent, carbon dioxide 0.7 per cent. The heart rate increased from 70 to 88. There 
uere no eleetroeardiographie changes. In the last minute the patient developed pre- 
cordial pain accompanied by tingling in the left rvrist. This disappeared ■within a 
few seconds after air was admitted. During the control period, the subject was 
perfectly comfortable. 


Case 43, Coronary group II, female, thirty-nine years old. Four months before 
the first examination, the patient was laid up with a mild attack of grip. Ten days 
ater, on walking, she felt a pain across the chest. Since that time, there were 
many attacks. The pain came on after walking about half a block. The pain was 
armng. It radiated across the chest and down both arms into the elbows. When 
severe, it radiated to the fingers of both hands. The pain was worse in cold weather, 
taoktf^ ®®Pacially bad walking against the wind. Climbing stairs precipitated at- 
vpnr«' 11 . accompanied by shortness of breath. At the age of seventeen 

repnNr ^ ■‘^as told that she had inflammatory rheumatism. The heart was 

ElLd murmur at the apex, louder on exercise, 

no evidencToT was not enlarged. There was 

ooronary ® = Negative. Diagnosis: Impaired 

9-<3 per cent tl ’ sixteen minutes, the oxj-gen reached 

, the carbon dioxide 0.02 per cent. No electrocardiograms were taken. 
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In the last minute the patient develoiied pressure on the chest, ‘ ‘ like the pains I get 
when I walk.” The pain increased in severity so that the subject signalled to halt 
the test. The pain lessened as soon as air was admitted, but it did not disappear 
for three minutes. During the control period the imtient was perfectly comfortable. 
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GE 


NERAD ANOXEMIA CAUSING S-T DEVIATION 
IN THE ELECTROCARDlOGRAlM’-t 


Marcus A. Rothsciiiu), IMJ)., and Miutox Kissix, M.D.'I 
New York, N. Y . 


I T WAS reported in a previous eonnnuniealion' that the subjective 
response to anoxemia of individuals with angina pectoris dilTered 
from the response of control subjects. Subjects with angina peetoiis 
developed precordial pain during exposure to atmospheres of low 
oxygen tension j control subjects did not. ^Ye felt that there might 
appear diu’ing anoxemia an objective finding which would aid in dis- 
tinguishing between the two gi-oups. We therefore investigated the 
electrocardiographic changes during anoxemia in subjects with and 
M'itliout angina pectoris. 


METHOD 


Anoxemia was induced by rebreathing. with the technic described in 
a previous publication.^ Thirty-eight individuals were studied. The 
subjects were divided into two groups. The control group consisted 
of 14 indi^^duals without clinical evidence of impaired coronary circu- 
lation; the other group consisted of 24 individuals with angiua pec- 
toris. 


A three-lead electrocardiogram was taken before the subject had 
begun to rebreathe. Two minutes after the start of rebreathing, 
records of the three leads were taken in rapid succession. As a rule, 
one could take a strip about 7 inches long (seven seconds) of each 
lead and finish within thirty-five or foid.y seconds. Tracings ■were 
taken eveiy two minutes for the first ten minutes, then every minute 
until the close of the experiment. If the patient became cyanotic or 
showed signs of anoxemic distress during the first ten minutes, trac- 
ings were taken every minute after that time instead of waiting for 
ten minutes to elapse. One minute after the period of anoxemia an- 
other set of tracings wms taken, and again, in most instances, three 
minutes after the anoxemic period had come to a close. 

At the end of the experiment a sample of air was taken from the 

^ reatlnng chamber and its oxygen content determined with the 
■tlaldane apparatus. 
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If the resistance of the patient Avas high, overshooting of the gal- 
vanometer might occur, and produce after a higli E-wave, a dovmward 
deviation of the E-T (S-T)" segment which is only artefact. In order 
to obviate such distortion, Ave took care that the resistance of the 
patient Avas 2,000 ohms or less b.y cleansing the skin Avith alcohol, 

Table I 


Summary op Eesults of Anoxemia 


CASE 

NUMBER 

GROUP 

OXYGEN IN 
INSPIRED AIR 

PAIN 

S-T 

DEVIATION 

1 

Control 

I 

8.1% 


+ 

0 

< i 

I 

8.9 


No Ecg. 

3 

< ( 

I 

7.8 


No Ecg. 

4 

( ( 

I 

6.1 



5 

( £ 

II 

6.4 


+ 

6 

< 1 

II 

8.7 



7 

£ £ 

II 

7.8 


No Ecg. 

s 

£ £ 

II 

8.3 



9 

£ » 

II 

8.1 



10 

( i 

III 

6.8 


No Ecg. 

11 

( £ 

III 

8.8 



12 

£ £ 

III 

6.4 


■ No Ecg. 

13 

£ £ 

III 

8.1 



14 

£ £ 

III 

7.5 



15 

£ £ 

III 

8.5 



IG 

£ £ 

III 

8.8 



17 

£ £ 

III 

7.0 



18 

£ £ 

III 

10.3 


No Ecg. 

19 

£ £ 

III 

9.6 


• 

20 

£ £ 

III 

7.7 



21 

Angina 

I 

8.0 



22 

£ £ 

I 

9.8 


+ 

23 

i ^ < 

I 

8.1 



24 

^ £ £ 

I 

9.4 



25 

£ < 

I 

7.9 



26 

£ £ 

I 

6.4 



27 

£ f 

I 

7.9 



28 

£ £ 

I 

6.4 

+ 


29 

£ £ 

I 

8.6 

+ 


30 

£ £ 

I 

8.4 

+ 


31 

£ ( 

I 

8.6 

+ 

+ 

32 

£ £ 

I 

11.2 

+ 


33 

£ £ 

I 

11.2 

+ 

+ 

34 

£ £ 

I 

12.9 



34 

£ ( 

I 

8.8 

+ 

+ 

35 

£ f 

I 

9.9 

+ 


36 

£ £ 

I 

7.4 


+ 

36 

£ £ 

I 

9.6 

+ 


37 

£ £ 

I 

7.1 

+ 


3S 

£ £ 

I 

9.4 

+ 


39 

£ £ 

I 

8.7 


No Ecg. 

40 

£ £ 

II 

5.9 

+ 

+ 

41 

£ £ 

II 

8.8 

+ 


42 

i £ 

II 

1 9.8 

•f 


43 

i £ 

II 

9.6 

+ 

No Ecg. 

44 

£ £ 

II 

8.4 

4. 


45 

£ £ 

II 

8.9 

+ 

*f 

46 

£ £ 

II 

.9.1 

+ 


•S-T will bo 

ii?eil throupliout 

for convenience. 








noTMsoiirriO ki«sin: anoxeImia 

rubbing- the skin, using liot bandages, and prevejiting tlie salt solu- 
tion from drying by wrapping rubber pads around tbe bandages. 


RESULTS 

Tliree of 14 control subjects developed changes in tbe S-T segTne,nt. 
Of these three, t^YO were patients without precordial pain but with evi- 




breithinff; H Before anoxemia; B, after one minute of re- 

six minutes ;H7seven min4tM- ’^‘n^'bes ; F, Uve minutes ; a, 

anoxemic nprinri minutes; J. one minute after tlie end of the 

rebreathtai. depression of the S-T Interval after the first minute of 


disease, and one was a man of twenty-six years with- 

■leveWl “"Sina poctoris 

developed a deviation of the S-T segment. 

slio™ if iXif y P'-“ordial pahP and the S-T ehaage is 

table I. Of the 24 anginal subjects whose electroeardio- 
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grams were taken during induced anoxemia, eight developed distor- 
tion of the S-T inteiwal. Five of these eight developed pain as well. 
In 12 anginal subjects pain appeared but no S-T change. 

The change in the S-T segment appeared toward the end of the 
rebreathing period, as a I'ule, and became more marked as the degree 
of anoxemia increased. As soon as tlie anoxemic period was ended, 
the phenomenon began to disappear. We did not follow the full 
course of its disappearance, but in most instances the S-T interval 
reached its original level within three minutes, often within one 
minute. 
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Pig. 3. — Lead HI of Case 31. A, Before anoxemia ; JB, after one minute of j-e- 
breathing ; C, two minutes ; D, tliree minutes ; E, four minutes ; Fj five minutes ; G, six 
minutes ; H, seven minutes ; I, eight minutes ; J, nine minutes ; K, ten minutes ; L, 
one minute after the end of the anoxemic period. Note the elevation of the S-T seg- 
ment in the eighth, ninth, and tenth minutes. 


The S-T deviation was always dotvmvard, except in one case which 
showed an upward deviation in Lead III (Pig. 3). The deviation of 
the S-T interval from the isoelectric line varied from 0.5 to 2.5 mm. 
In two eases the distortion appeared only in Lead II, in one case only 
in Lead III, in four eases in Leads I and II, in two cases in Leads II 
and III, and in one case in all three leads. In one case there was a 
downward deviation in Lead I and an upward deviation in Lead III. 
Pigs. 1 to 5 illustrate representative tracings. 

The oxygen content of the inspired air varied in those showing S-T 
changes from 5.9 to 8.9 per cent, Avith tAVO exceptions. Cases 22 and 
33 did not fall beloAV 9.8 and 11.2 per cent respectiveljL The last tivo 
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fioaires were in cases of intraventricular block. Oxygeii levels reached 
by those exhibiting- no clistoidion of the S-T interval varied from 6.1 
to 12.9 per cent (Table II) . 


One patient (Case 34) developed S-T deviation when he reached an 
oxygen level of 8.8 per cent, but when on a previous occasion the 
final level was 12.9 per cent, no change appeared. Similarly, in Case 
36, no change in the S-T segment appeared in one experinmnt when the 
oxygen level fell only to 9.6 per cent, but in another experiment devia- 
tion appeared with a final level of 7.4 per cent. 



Fig-. <!. — Lead I o£ Case 40. 



Note the depre^sio^ " aXthercS"'' 


We endeavored in one instance to reproduce the S-T change that ap- 
peared during anoxemia in a case with intraventricular block. First 

dioxSr^ inhaling mixtures rich in oxygen and carbon 

loxide. Second, we administered atropine intravenously to produce 
achycardia. Third, we gave epinephrin subcutaneously for its re- 
puted ability to increase the work of the heart. Fourth, wellminil 
tried vasoconstrictor effect. Fifth, amyl nitrite was 

^^e.-uti: 

iiands; pitiesl!;ro W^^^^^ caused palpitation and a tremor of the 
1 eec a gieemsli pallor and called forth a desire 
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Table II 

Final Oxygen Content of Inspired Air in Subjects That Did and Did Not 

Develop S-T Deviation 


control group j angina group 


S-T 

CHANGE 

NO 

CHANGE 

S-T 

CHANGE 

NO 

CHANGE 

6.4% 

6.1% 

5.9% 

6.4% 

8.1 

7.5 

6.4 

7.1 

8.3 

7.7 

*7.4 

7.9 


8.1 

8.6 

7.9 


8.1 

18.8 

8.0 


8.5 1 

8.9 1 

8.1 


8.7 

9.8 

8.4 


8.8 

9.6 

11.2 

8.4 

8.6 

8.8 

9.1 

9.4 

9.4 

*9.6 

9.8 

9.9 

11.2 

112.9 

Average 7.9 

8.1 

8.4 

8.9 


Average for all showing S-T changes _____ S. 2% 

Average for all not showing changes ______ 8.7 

*, t Indicates same case. 


to defecate; amyl nitrite produced flushing’ of the skin and headache; 
but none caused a deviation of the S-T segment. 

DISCUSSION 

It is clear that the electrocardiographic change in question, namely, 
S-T deviation, occurs in individuals with normal coronary circulation 
as well as in individuals with impaired coronary circulation. But the 
change appeared more frequently, in our series, in those with im- 
paired eoi’onarj’’ circulation. It is probable, too, that hearts with im- 
paired circulation are more sensitive to oxygen lack than are normal 
hearts, that the S-T distortion appears at a higher oxygen tension 
in the ischemic heart than in the normal. This is indicated in the two 
cases (22 and 33) of intraventricular block, mentioned above, in which 
S-T deviation appeared at a comparativelj^ high oxygen level. 

Electrocardiographic changes other than S-T deviation appear dur- 
ing anoxemia. These changes, such as flattening of the T-wave and 
increase in the height of the P-waAm, Avere described bj’’ Greene and 
Gilbert^^’ ® and Ward and Wright.'* LcAvis and Mathison,^ Mathison,® 
A'^on Angyan," LeAvis, White and Meakins,® Haggard,'’ and ColAdn*® 
reported auriculoventricular heart-block during’ asphyxia. Mathison,® 
Greene and Gilbert,* and ResnilG* observed the same finding during 
induced anoxemia. None of these authors made note of S-T distoi’tion. 
HoAA'^ever, Kountz and Grubert- described deviation of the S-T inter- 
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val in dogs during general anoxemia and Konntz and Hammouca ' 
reported the same finding in perfused dogs’ hearts that had been as- 
phyxiated. Katz and' Hamburger^-' have noted this finding in 20 nor- 
mal persons during anoxemia. 

The changes in the S-T segment that appear during anoxemia ai^ 
identical with those observed during attacks of angina peetoris.^^ 
Similar findings have been noted in persons Avith rheumatic fever,- 
coronary occlusion, uremia,-'’® and pneumonia.-'’'-^" Pericardial efFu- 
sion, clinical and experimental, has resulted in deviation of the S-T 
interval.-”-"® Similar changes have been described following experi- 
mental occlusion of the coronary arteries"®-"’-'’ and of the coronaiy 
sinus.®'’ Feil, Katz, Moore, and Scott-"’’ found no characteristic change 
in the S-T inteiwal following the ligation of the descending branch of 
the left coronary arteiy in dogs, but Avhen, in addition, they ligated 
the inferior I'-eiia cava typical deviations appeared. Distortion of the 
S-T segment has been produced by direct injury to the myocardium 
or by the injection of caustic substances into the myoeardium.-’®'®- 
Electrocardiograms taken during experimental anaphylaxis have 
shown this change.®-'’ Similar findings have been noted after the ad- 
ministration of epinephrin,®-' insulin,®-"’-®® digitalis,'®-'^ and pitressin,'”’' 


SUMMARY 

Electrocardiograms of 38 individuals were taken during the induc- 
tion of progressive anoxemia. Eleven subjects developed deviation of 
the S-T segment. Eight of the 11 suffered from angina pectoris, three 
did not. The deviation of the S-T segment was usuall}' downward but 
in one case Avas upAvard. The degree of deAuation Avas related to the 
degree of anoxemia. No qualitative electrocardiographic finding ap- 
peared during anoxemia that Avill serve to distinguish betAveen indi- 
Auduals Avith unimpaired coronary circulation and those AAuth impaired 
coronary circulation. 
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ANGINA PECTORIS. A PLEA FOB GREATER OPTIMISM 

IN PROGNOSIS 


T. Stuart Hart, M.D. 
New T'ork, N. Y. 


'-pHIS is a plea for the more cautious use of the terms “angina pee- 
1 toris” and “coronary thrombosis” and for a more optimistic atti- 
tude toward patients included in these categories. In the mind of 
the average layman the first of these phrases has for many years car- 
ried the implication of complete and incurable invalidism and sudden 
death, and recently the second has entered common parlance and in 
the view of the man in the street holds an equally sinister significance. 

Physicians make use of the term “angina pectoris so frequently 
that it seems as if almost any chest discomfort may he labeled with 
this diagnostic tag. It is used nearly as nonchalantly as Avas the term 
“malaria” before the days of the discovery of the plasmodium and 
with almost as little thought as is employed today in assigning respira- 
tory infections and abdominal disturbances to that all-embracing term 
“influenza.” In the last decade Ave doctors have become, as a recent 
AvriteN has expressed it, “coronaiy conscious,” and apparently Ave 
are noAv SAAdnging from the Scylla of nonrecogmition to the Chaiybdis 
of easy going, loose thinking in making this diagnosis. This is par- 
ticularly regTettable since such a statement conveys to the joatient the 
impression that he is suffering from AAdiat is generally regarded as a 
grave heart condition from AAdiich recovery is impossible, AAdiich is 
totally incapacitating and in AAdiich death may be imminent at any 
moment. These labels differ from “malaria” and “influenza” in 
that these latter conditions are commonly regarded rather lightly by 
the patient and carry a reasonable assurance of a complete cure. 

One Avould think from the literature, from discussions at medical 
gatherings and from conversations Avith many members of the pro- 
fession that the diagnosis of “coronary thrombosis,” and the proper 
selection of individuals ivho .should be grouped as suffering from 

“angina pectoris” are simple matters. This I believe is a very ei'- 
roueous idea. 


It is not, in my experience, uncommon to see patients Avho have been 
told that they have “angina pectoris” or “coronary thrombosis” avIio 
present no objective evidence Avhatever of an organic defect of the 

sounds are of 

hearV'^A I'' murmurs. No friction sound has been 

s fax as can be determined by physical examination or x-ray 
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studies, the aorta is noriual. The blood pressure is normal. There is 
no definite record of an abnormal heart rate, fever or leueocytosis. 
The electrocardiogram is normal. The whole evidence offered is a 
statement of his subjective sensations made b}’- the patient. In many 
instances an acute attack has not even occurred under the observation 
of' a physician. Many members of this group have a history and 
other evidences of a highly organized nervous system, and they react 
with abnormal violence to minor plij’^sical or mental stimuli. The 
evaluation of this subjective evidence is sometimes made even more 
difficult by the fact that some of these individuals have a subconscious 
desire to secure sympathy and for this reason would gladly be re- 
garded as chronic invalids, others depressed by the condition of their 
business affairs would not be sorry to secure financial relief from the 
operation of a disability clause in an insurance policy. Such condi- 
tions undoubtedl}'’ act as strong incentives which, consciously or un- 
consciously, tend to color the stoiy which may be the only evidence 
upon which the diagnosis must rest. 

Let me make mj'self clear. I do not contend that a man who pre- 
sents such a picture may not be suffering from “angina pectoris” or 
even from “coronary occlusion,” but I do insist that under such cir- 
cumstances the true evaluation of the condition is at times most diffi- 
cult, that a snap diagnosis is not justified and that one should reach a 
decision only after prolonged and careful study and a most thought- 
ful analysis of the available CAudence. 

In considering the condition of patients in Avhom a heart defect is 
suspected (this applies also to those Avith a definitely established diag- 
nosis of heart disease), the psychic element is too often neglected. 
Most persons are deeply distui'bed by any suggestion that they have an 
abnormal heart. As Conner- has expressed it, “the reaction to doubt 
concerning the integrity of the heart seems to be much more violent 
and profound than is the case Avith any of the other internal organs.” 
This is particularly in evidence in patients avIio are nervously un- 
stable, Avho have a morbid concern for their state of health, Aidio are 
easilj?- subject to suggestion and are prone to introspection, but is not 
limited to these groups, for the nonemotional, Avell balanced type of 
individual may be intensely shocked by an intimation that there is an 
imperfection in this organ, of such vital importance to his health and 
Avell-being. There are many sources from Avhich these psychic traumata 
ma}^ come; common among these are the A'ax*ious sensations in the 
region of the heart of AAdiich the patient is conscious, such as pain and 
palpitation, tachycardias and arrhythmias, the sudden death of a close 
friend or a member of the family Avhich has been attributed to heart 
disease, the injudicious statement of a life insui-ance examiner, or most 
often of all, the unguarded A^erdict of the physician Avho has been 
called in for an emergency. 
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The caution which one should employ is illustrated by the follow- 
ing case ; 

Jh. F. was a man of fiftv-five years, who in .lainiary, 1027, came lo sec me com- 
plaining of paroxysmal attacks of severe prcconlial pain nidiatnig to the left arm, 
Which had been troubling him for six weeks. The pain came on only upon walking 
and stopped after resting for a minute, llis descriptions of the paroxysm wore in 
detail quite characteristic, of attacks of “angina ])cetoris.” Physical examination 
showed nothing abnormal except that tlic heart sounds were a little indistinct and 
the fluoroscopic findings suggested an aorta, that rvas a trifle wide for a man 
of his build. The blood pressure was normal. The electrocardiogram was normal. 
The urine showed a heavy trace of albumin and a few red blood cells, which had 
licoii found off and on over a period of twenty years. He was of a high strung, 
nervous typo, worried by heavy business resjionsibilities. He was ]mralyzcd with 
fear by his physical condition, expecting a fatal termination at any moment and 
Was preparing to retire from business to resign himself to the life of an invalid. 
Further questions brought to light the story of an intimate friend who had suffered 
from “angina pectoris” and had died suddenly ten days before our patient had 
first noticed his subslernal pain. ^fr. F. had .always used alcohol .and tobacco in 
considerable quantities; he had discontinued the use of both soon after his first 
'attack of pain, but he still continued the use of strong coffee, three to five cups a 
day. Every effort was made to rea.ssurc him; he was advised against closing up 
'his business whicli he could ill afford to do, was told to take a complete rest in 
Florida for six weeks and was advised to discontinue the use of coffee. .Siubsoquent 
events proved that the advice which had been given (it must be confessed with con- 
siderable mental reservation) was justified. In tbc course of a few weeks the pain 
entirely disappeared, and at tbo present time he is perfectly u'cll, living a normal life 
.and following his usual business activities. 


The clifficnlties of formulating a correct prognosis in an individual 
patient is generally recognized. To the physician, statistics may be of 
value in orienting his general ideas in regard to this group of patients 
as a tvhole, but he tvill be led into a quagmire if he attempts to apply 
the figures thus obtained to the individual case. Even the life in- 
surance companies (for tvliich tlie .statistical method has made sound 
busme.ss possible) have realized the inadequacy of this method when 
dealing wdth the individual claiming disability for “angina pectoris” 
and “eoronaiy thrombosis.” 


Statistics and dramatic experiences mith sudden death occurring 
soon after an examination which had revealed very little objective 
evidence of an organic lesion, have developed a pessimism in'phvsi- 
ciaus winch directly or indirectly is all too often conveyed to the 

patient destroynng his morale and inducing an apprehension devastat- 
ing to ms career. 


^^^1 aided optimism; pe.s.simism is out of place. We have leo'itiimti 

in., tto a” ITT ■ <=aae.° Grant 

that an aeanrata pragnoa.s to- the inclivuln.U i., impossible, tv, 
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still are justified in assuming that a given patient is likely to com- 
plete years of useful living and may not be the one limited to a brief 
period of suffering and invalidism. I feel warranted in taking this 
attitude, since I am seeing from time to time a veiy considerable num- 
ber of patients in whom I feel that the histoiy, physical signs, and 
course of events observed over a long period have warranted me in 
making a definite diagnosis of “coronary thrombosis” or of grouping 
them under the syndrome of “angina pectoris,” and Avho are living 
ten or fifteen years after the first attack. An occasional patient has 
been entirely relieved of s3unptoms of eveiy kind ; some are doing full 
work with onlj’- occasional ’discomfort; others are living a life of 
limited activitj'' with a modest amount of work and manj'- intei’larded 
hours of pleasure. Fifteen years of even a veiy restricted life for a 
man fifty-five or sixty j'ears of age is not so bad, and this maj'' be the 
lot of any one of these eases. 

A case of interest in this connection is that of a. man sixtj'-nine j’cars of age 
who came under my care because of a severe lobar pneumonia which proved to be 
fatal. In securing his history he gave me a very vivid description of hawng had 
when fifty-one years of age a severe and jirolonged attack of substernal pain and 
other symptoms which strongly suggested the picture of "coronary thrombosis.” 
Following this he had a number of attacks of substernal pain which gradually be- 
came less severe and less frequent, until at tho end of two years they entirely dis- 
appeared. During this period he was able to do a moderate amount of work, and 
after the complete subsidence of the pain he gradually resumed full activities and 
'was able to carry on a large and important law practice. After the patient suc- 
cumbed to pneumonia, the autopsy showed a heart that was slightly enlarged, with 
some calcification of the coronaries and near the lower part of the left ventricle 
'an area of fibrosis and calcification, evidently the residuum of an old infarct, thus 
verifjdng the lesion which his history had suggested. The impressive part of this 
picture is the fact that this heart was able to recover from such an insult sufficiently 
to support life for sixteen years Avithout symptoms referable to the circulation. 

A verj’- similai’ case of a man who had an attack of “coronaiy 
thrombosis” at the age of sixty-three j^'ears, and thereafter lived for 
seventeen jmars with periods of remarkable physical activity, has re- 
centty been reported by Wliite.® In their studj’’ of “coronaiy throm- 
bosis,” Conner and Holt^ report one patient as living and well seven- 
teen j^ears after the original attack and several patients who had 
lived for over ten j^'ears. White and Bland® have had three patients 
under obser\’’ation with anginal attacks for twenty years or more. In 
his discussion of “coronarj^ occlusion,” KreliF saj’^s “such a lesion is 
perfectty compatible with the continuation of life ... he lives on 
and may never suspect what an abyss he has escaped.” 

It is helpful at times, to lay aside one's personal experiences, such 
as have been presented in this paper, and to revieiv the facts presented 
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by an acute, independent observer who is unbiased by the impressions 
which have been gradually forcing themselves on one’s own mind. 1 
have recently analyzed the case histories published by Mackenzie' in 
his book Angiim Pectoris. He records the histories of 147 patients 
which he classified as “primary angina pectoris.’’ Of these, one man 
was living thirty-one years after his first attack, still following his 
trade of a joiner; three had lived twenty-five years or more; one had 
lived twenty years; seven for fifteen years or more, and tiventy-one 
for ten years or more. This makes a total of 33 individuals who lived 
for more than a decade after the first paroxysm of pain, and, at the 
time the report was published, 16 of them were still alive. That the 
patients of this group of 33 did not die young is indicated by the fact 
that the average age of those still alive was sixty-four years, and the 
average age of those dead ivas seventy-one years. It should be noted 
also that in a number of these cases death was due, not to angina, hut 
to such conditions as carcinoma, gangrene of a leg, apoplexy, etc. It 
is further recorded that in the periods following a definite classifica- 
tion as eases of “angina pectoris’’ a number of these patients were 
able to play golf without discomfort, one man was “shooting’’ as had 
been his custom, there were a trained nurse and a supervisor of nurses 
both doing i*egular hospital work, a builder active in his vocation, a 
man whose travels took him to Florida, Mexico, Argentina and across 
the Andes at an elevation of 10,000 feet, another who made business 
trips to Russia, China, Australia and America. There were eight 
physicians, five in active practice and the others doing a limited 
amount of work. 


This discussion has intentionally avoided an attempt to consider in 
separate groups cases of coronary thrombosis with anginal symptoms 
and cases of angina pectoris associated with other pathological or toxic 
factors. Such a differentiation can often be made promptly, in other 
instances it may be made after prolonged observation and study, at 
times it will be made only at the post-mort-em examination or perhaps 
not at all. 

From the standpoint of the physician the syndrome of “angina pec- 
toris” should always be taken seriously, but this label should never 
be attached without due thought and study. Whenever possible this 
term should be withheld from the patient, for it hangs above him like 
le sword of Damocles destroying all the possible joys of the banquet 
ite. As a rule, much less terrifying jRirases can be used to secure 

The prognosis sHould always be tinctured 

comfort “ ™™“ehle actWity and 
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arterial hypertension and arteriosclerosis 
ASSOCIATED WITH RAYNAUD’S SYNDRO^IE’-' 

Soma Weiss, jM.D., and Lauhence B. Eeeis, M.D. 

Boston, Mass. 

P ATIENTS with arterial hypertension, with or witliont clinically 
detectable arterio.sclerosis, complain at times oi! periodic attacks 
of coldness of the fingers and toes, associated with pallor or cyanosis, 
with pain or paresthesia, and with temporary weakness of the hands 
and feet. The attack is usually precipitated by low temperature of the 
surroundings or by work; emotions play no role, in our experience. 
Spasm of other paids of the vascular tree is not nece.ssarily pre.sent. 
In mild form this syndrome is not infrequent ; in severe form it is com- 
paratively rare. Its clinical characteristics resemble strikingly those 
of classical Rajoiaud’s disease. 

So far as we are aware, no information is available as to the physio- 
logical mechanism of this syndrome. This communication presents 
obseiwations on a patient who exhibited severe attacks, in the hope 
that the study will throw light on the nature of the attack. 


REPORT OP CASE 


A si-xtj'-eiglit-j'ear-olcl, retired railw.ay worlter entered tlic hospital on October S, 
1930, with the complaint of numbness and blanching of the hands. Ten months 
previously he began to have attacks of numbness and tingling of the two small 
toes of the left foot, coming at any time, hut more often after exertion and in 
cold weatlier. At first the attacks would last hut n few minutes, hut later tlicj' 
increased in number and severity until ho was Inivijig several daily. He did not 
know Avhether there was any clnuigc in the color of the skin associated with them. 
His feet were cold most of the time. Nine months before entry lie began to have 
similar attacks in the hands, which almost always occurred bilaterally. He first 
'experienced numbness of the fingers, which would become pale or blue. After from 
ten to fifteen minutes the pallor or c 3 '.anosis would bo replaced by piiikness, and the 
humbhess by tingling. E.vposure to cold and iindne e.xortiou seemed to he the chief 
precipitating factors; emotions had no oftect. Between attacks his hands were at 
times slightly blue and cold. 

For five months he had noticed that he became fatigued easily, and was subject 
to increasing dyspnea on exertion. Familj'- .and past histories were irrelevant. 

Physical examination showed an enlarged heart and supraeardiac dullness, with 
normal sounds except for an accentuated aortic second sound. The artcria/ blood 
pressure was 184 mm. Hg systolic and 102 mm. diastolic. There was marked 
peripheral sclerosis, with tortuosity and heading of the vessels of the extremities, but 
good pu lsation of the dorsalis pedis arteries was noted. It was observed that on 
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exposure to cold his hands and feet became cyanotic and cold, while in a warm room 
they were of normal color and warmth. The results of the remainder of the e.xamina- 
tion were unessential. 

The laboratory tests showed nothing abnormal except for a secondary anemia 
of 3.0 million red blood cells per cubic millimeter, with 51 per cent hemoglobin. 

CLINICAL STUDIES 

Induction and Nature of Attacks . — When tlie hands tvere placed in 
water at 22° C., no change was observed. Putting the hands in water 
at 18° C. for five minutes usuall}^ precipitated an attack. A tempera- 
ture of 15° C. always precipitated an attack, and this temperature 
was ordinarily employed in the subsequent work in pi’oducing attacks. 
Immersion in water at 12° C. or lower produced either no attack or 
a very transitory one, to be quickly replaced by a pink flecking asso- 
ciated with increase in skin temperature. A given stimulus (cold) 
usuall 3 ' produced a more intense and lasting attack in the right hand 
than in the left, although the minimal stimulus Avas about the same 
for the tivo hands. The patient subjeetivelj^ had preAuousb^ noted no 
difference in the character of the attacks between the two hands. 

In these induced attacks the fingers ivere cliieflj' invoh^ed, the 
thumbs and the palms onl.y slightly. On removing the hand from the 
cold water to room temperature (24° to 26° C.) one or more fingers 
were usuall.y verj' pale and blanched, while the others were cjmnotie. 
After a few minutes the pallor of the fingers was often replaced by 
intense c.yanosis. The attacks Avould last from twenty to foi*t.y min- 
utes after removal of the hand from the cold water and would clear 
gradually'. The end of the attack Avas indicated at first bj’’ small 
mottled areas of pinkness Avhich spread and increased in number until 
the AA’hole finger Avas pink. Finallj', the entire hand Avould become 
pink and Avarmer than normal, as indicated bj" skin temperature meas- 
urements. Occasionally, usualh' after prolonged immersion in Avater 
betAveen 15° and 18° C. or in Avater considerablj’ beloAv 15° C., one or 
more fingei’S or the Avhole hand Avould be pink but cold; later they 
gradualh' changed to a pale or CA'anotic color; such an attack ended 
Avith pink and Avarm skin. The same hand did not ahvaj’s go through 
quite the same sequence in developing attacks. Producing an attack 
in one hand bj' putting it in AAmter ncA^er caused one in the other hand 
through Amsoniotor cross reflexes, and immersion of the elboAV alone 
or of the ann above the hand in cold Avater did not cause an attack 
OA’-er the immersed areas or in the hand. None of the above-described 
experiments produced a change in the brachial and radial pulsations. 

When an attack AAnth blanching cf a finger had been induced, hold- 
ing the hand in a dependent position for several minutes or the ap- 
plication of a A^enous tourniquet for not more than five minutes did 
not relieve the blanching. 



WEISS AND EEEIS 1 


ARTEllIAE 1 IV PERTEN SION 


KV.l 


Ulnar anestl.csia by mflltvalion of the i.nrvo at the c-linnv will, novo- 
came bad no inflnenee eithoi' on the pi-odncl ion or on the naliue ol 1 i . 

attacks. 

Otservaliom on Ihr, Co)./W«ri«.-The |inrposf of these o is, -rva ions 
was to correlate the morpliolojrical .stale of the eaiiillanes ot the nai lec 
and the character of the hlood flow with the appearance of the (in-er.s. 
A special microscope was used for these ohservations, and each ob- 
servation Avas repeated several times. 

AVlien a fing'er was blanched, very few capillaries were visible, and 
the venous ends of the capillary loops Avere nnnsnally narrow. There 
Avas no floAV throngh the capillaries. 'Wlien the finger Avas cyanotic, 
ninnerons capillaries Avcrc A’isible, lull ol blood, but tbcie A\as eithei 
no floAv or at most a sIoav and intermittent floAV. ^Vben a finger was 
pink hut cold, the cainllarics could be observed in great number but 
the floAA- was cither absent or extremely .sIoav. Often red blood cells 
stagnating in clnnijAS Acere A'isible. Wlien the finger AA'as ))inlc and 
AA’arm, many capillaries aa’ccc open and the floAA’ through them aa'os 
much more rapid than in the normal state. 

It is apparent that a bright pink color of the .skin may he associated 
AA’ith either of tAA'o diametrically opposed slates of the hlood floAA-: 
either very rapid capillary blood flow AA-itb normal tissue metabolism, 
or sudden sloAA'ing of the blood flow in Ibo presence of nnn.sually Ioav 
tissue metabolism. Tliis latter stale, ocenn-ing in chilled extremitie.s. 
alloAA's the red blood corpnscle.s to contain a high content of oxygen- 
ated hemoglobin in the venous ends of the capillary loops and in the 
snbpapillary venous plexuses AA’hich arc responsible for skin color. 

The Effect of Vasodilator aad Vasoconstrictor Svhslancrs. — Tlie fol- 
loAving substances Avere gwen in do.se.s sufficiently large to produce their 
full systemic effect, hut in no case did they eithei* relicA’c or alter an 
attack already present or prcA'ent the occurrence of one Avhen they 
AA^ere administered before and during the induction of the attack: 

Ihstamwe phosphate, 1:100,000 intraA'cnonsly in do.sago.s nj) to 10 c.c. 
(0.1 mg.) per minute; acctulchohiic Jrifdrohroiuidc, 1:50, intraA'cnonsly 
m dosages up to 3 c.c. (60 mg.), per minute ; sodiim nitrite by moAitb in 
successive doses of 3 and 2 grains fifteen minutes apart. 

Epinephrine, 5 c.c. of 1:30,000 (0.16 mg.) injected into the right 
antecubital artery in from tAA'o to three minutes. PolloAving this there 
was an intense constrictor etfeet over the whole forearm^and band 
with pallor lasting about fifteen minutes to be rejilaced by intense 

inTokr^tt* immersion 

One dose of 25 million killed typhoid bacilli intravenously was fol 
lowed liy a aliiU and JoMe reiictioii. Immediate,,. £„„ow": Mt 
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when the hand was immersed in the nsnal manner, it was pink hut 
cold, and remained so for twenty-five minutes, after which it gradually 
became cj^'anotic and then normal. Subsequently, spontaneous at- 
tacks occurred with their usual frequency. 

DISCUSSION 

It is known that in the clinical course of arterial hypertension or 
of ai’terioselei'osis certain vascular areas may become irritable, leading 
to attacks of spasm. Such spasm is claimed to plaj'' a role in the 
precipitation of cerebral crises, periodic cranial nerve palsies, angina 
pectoris, abdominal crises, intermittent claudications, and other clini- 
cal manifestations. The finer mechanism of these regional vascular 
disturbances is not known, for they have been but incompletely studied. 
The syndrome presented bj* this patient is of the same type of vascular 
disorder. The vessels of the fingers, and presumably of the toes, ex- 
hibited a vasospastic tendency. The fact that the cold had to be ap- 
plied locally to exert its efl'ect and that ulnar anesthesia did not in- 
fluence the attacks, suggests that the irritability lies in the arterial 
wall itself and not in the nervous tissue. The finding that histamine 
and acetylcholine not only did not improve the attacks but failed even 
to prevent them, also suggests that the morbid changes were located 
in the vessel wall proper. The vasospastic tendency of the vessels ivas 
intense, for administration of sodium nitrite and typhoid bacilli, pow- 
erful dilators acting on the muscular coat, did not influence the attack. 

The observations of empty capillaries or capillaries open and filled 
with stagnating blood and of low skin temperature indicate that the 
vascular occlusion must have developed proximal to the capillaries, 
in the arterial vessels, i.e., in small arteries or arterioles or in both. 
The fact that the induced venous stasis and dependent position of the 
arm had no appi’eciable effect on the pale color and coldness of the 
fingers indicates that the small venules were also in a state of active 
constriction. We have presented evidence that the venules of the 
skin are sensitive to chemical stimuli.^ 

Some of the observations, including the critical temperature for 
the precipitation of attacks, are in harmony with those described by 
Lewis on patients with Raynaud’s disease.- While the classical- Ray- 
naud’s disease appears in youth or in early adult life and emotions 
may play an important imle, in the case studied and in others obseiwed 
by us, this syndrome develops in late middle life or in old age after 
arterial hj^pertension has existed for several j'^ears. Whether arterial 
hjqiertension leads direetlj^' to irritability of the arterial vessels of the 
fingers or toes, or whether such a vasospastic tendency is the result of 
degenex’ative changes of these vessels secondary to arterial hyperten- 
sion cannot be stated from this study. 



WEISS AXP KI.EIS; AIlTKinAE 11 YIMCU-TENSION 


TGf) 


Sn-MMAKV AX1> fOXOIiirSlOXK 

1. Knyninurs syiulroinc jiivciiiilntcd by cold or by work occurs m 
piiticnts Avitb arterial byiiortciision and with arteriosclerosis. 

2. Study of a ease with severe attacks revealed that tlie clinical 
manifestations were due to an irritabb* and vasospastii* state of tbe 
small arteries and arterioles of tbe rmf^ers, 'I'lie venules were also in 
spasm durinsr attacks. 

3. Vasodilator substances, such as bistaminc, acelylcboline, sodium 
uitrite, and typhoid vaccine, failed to jtrevent (tr alter the induced 
attacks, even Avlieii administered in doses siifliciimtly larfre to insure 
their maxinnnn s.vstemic, cllVct. 

4. Brifrht red “arterial'’ skin (tolor may In* assticiated (dilier ■with 
very ra]iid capillary blood flow and normal tissue metabnlism. or with 
sudden stafruation of blood flow and unusually low tissue metabolism. 

in:Fian'.x<'r.s 

1. W oips, Sotuft, l?(»hti, Cl. 1’., uuit I'.ltts, I.. It.; tie* Sv^ttMiue ICrfei'ts t*r llislaieiTu* 

in Atioi, with Speciiil te itie of the 1 'itr*)iiO'a*.etiI;ir 

.S.Vfiteiii, Arch. Inf. Med. -lO; :a;o, IIKIL*. 

2. Lewis, T.: Kx|n'riin(>ms Itclnlint; In Itie IVriplieral M.‘chiiiii‘;!n Involve,! in 

.Spasmodic Arrest of the ('ircnlnt inn in the T'inr.er.“. a Vnrictv of Itnvjnnnl 's 
Disease, lletirt l.'i: 7, HtL'h. 



THE CIRCULATION TIME IN VARIOUS CLINICAL CON- 
DITIONS DETERMINED BY THE USE OP SODIUM 
DEHYDROCHOLATE* 

Leonard Taur, M.D.,t B. S. Oppenheimer, M.D., 

AND Robert V. Sager, M.D. 

New York, N. Y. 

INTRODUCTION 

' I 'HE velocity of blood flow or, measured inversely, tlie circulation 
time lias interested investigators for the past century. A review 
of the earlier ivork and a discussion of the pnnciples involved are 
found in the veiy comprehensive papers of Blumgart^ and Kisch.- Ac- 
curate methods applicable to man have been evolved only in the past 
decade. 

The blood veloeit}’ may be measured as the distance covered by a 
particle of blood in a flxed inteiwal of time, or, inverselj'-, as the time 
elapsing to complete a known distance. Prom an experimental point 
of vieiv it has been simpler to measure the time rather than the dis- 
tance. The methods applicable to man, with any degree of accuracy, 
depend upon the rapid injection of a substance in an arm vein and its 
detection at some distant fixed point through properties depending 
upon the substance’s color,®’ ^ vasodilator effect,® neuromuscular 
stimulation,"’ ® radioactivity,® or taste. The time elapsing from the 
moment of injection to that of detection is known as the circulation 
time. When the method used involves primarily the blood flow through 
the lungs, a rough measurement of the pulmonaiy circulation time is 
obtained. 

The simplest procedure was that devised bj^ Bornstein^® in 1912. He 
caused his patients to breathe a mixture of air with 5 to 7 per cent of 
carbon dioxide. As soon as the arterial blood carried the increased 
amount of carbon dioxide to the respiratory center, there followed an 
increase in the depth of respiration. The time elapsing between the 
start of the experiment and the onset of deeper breathing was re- 
garded by Bornstein as half a circulation. The source of error in this 
method must be quite obvious when applied to patients with dyspnea, 
a condition in which the value of the blood velocity is of great interest. 

In 1922 Koch® injected 1.6 per cent solution of fluoresein into one 
cubital vein, and collected samples of blood every five seconds from 
the other vein. The moment of appearance of the fluoi’escin deter- 

»From the Medical Division of the Monteflore Hospital and the Medical Service of 
Mount Sinai Hospital, New Tork City. 

tHilda Stlch Strook Fellow at the Montedore Hospital. 
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mined tlie circulation time. The technical clifficullies Mmre the in- 
ability to detect faint traces of flnorescm, to sample the blood at sec- 
ond intervals and the two venipunctures. Despite these drawback.s 
the general behavior of the hlood circulation time in normal and 
pathological states was rather accurately determined by him. 

A similar method but utilizing Congo-red was reported by Klein 
and Heinemaid in 1929. It suffers from very much tlie same objec- 
tions as does the fluorescin method. 

In 1922 Hirsclisohn and klandel' suggested the use ol calcium chlo- 
ride intravenou.sly for determining the circulation time. They injected 
rapidly 5 c.c. of a 10 per cent solution. A feeling of warmtli and a 
sensation of burning in the throat indicated the arrival ol the drug 
at the neuromuscular junction. They were jiarticularlj inteiested in 


the effect of pneumothorax upon the blood velocity through the lungs. 

Kahleiv'* using the same technic, repeated and amplified the above 
mentioned ivork in 1930. Ilis results agree fairly well with those 
found by other methods. The normal values are more sharply deline- 
ated from the pathological than is possible with the dye method. Its 
drawbacks are the danger of .slough and thrombosis from the rapid 
injection of calcium cliloride if leakage occurs about the vein, the fail- 
ure of some patients to respond, and the possibility of aff'ecting the 
blood velocity itself by the use of calcium chloride. 

In 1927 Bhungart and Yens’' introduced their radium method, and 
for the first time it was possible to determine the circulation time from 
the site of injection to the right heart and the time from this point 
through the lungs, to the other arm. It. is the introduction of a method 
of measurement of the pulmonary circulation time by Blumgart and 
his eoworker that has proved of importance, Thi.s time tends to be a 
constant for a particular individual in the basal state. Variations 
from this value occur with exercise, drugs, and in anemia, poly- 
cythemia, emphysema, congestive lieart failure, myxedema and hyper- 
thyroidism. The time bears little or no relationsliip to weight, height, 
blood pressure, or pulse rate of tlie individual tested. Unfortunately! 
the method is so technical in its execution that it is not generally ap- 
plicable. 


In 1928 Weiss, Robb and BlumgarU- used the intraA’cnons injection 
of 1 mg', of histamine for the determination of the blood velocity The 
circulation time ivas that required for the apijearaiice of a reddeniiio 

t r '1^ some pa- 

malt i, f f, *'"■ C'>«««™tio.i of their 

aitz t 1 r ‘A “d Sebastia.,i,» winter- 

Ce, “ *“ I'istamiiie is diluted and a 

aieer amotmt of fluid thus injected, a much shorter time s oMa It 
» normal .na.v.duals than that found by Weiss and other 3 “ 



768 


THE AMERICAN HEART JOURNAL 


was able to use the histamine method in infants in Avhom the anterior 
fontanelle was still open, b 3 '- injection into the longitudinal sinus 
through the fontanelle. 

A rather complicated procedure Aidiieh measured the change in vol- 
ume of an extremity after the injection of an acetylcholine prepara- 
tion was published in 1929 bj’- Prusik.'’ 

In a series of studies on the choleretic action of bile salts,. Neu- 
bauer^®’ introduced the use of sodium delijulroeholate. It is readity 
soluble in water and oxidizes slowty in air. Its solution has a bitter 
taste and is slightty alkaline. The substance was found to be prac- 
tiealty the only bile salt that could be injected intravenousty iiuthout 
deleterious effect. A disagreeable side action was the intensety bitter 
taste that followed the injection of even small amounts. Winternitz, 
Deutseh and BrilP® utilized this veiy property of the drug for the de- 
termination of the circulation time. 

Thej^ injected 5 e.e. of a 20 per cent solution of sodium' dehjulro- 
cholate (deeholin) veiy raiiidty (time not mentioned), and detei’mined 
the moment of appearance of the bitter taste. The sensation was veiy 
transitoiy, lasting ten to twenty seconds, so that the test could be re- 
peated with the needle remaining in the vein. There were no undue 
subjective sensations except occasional nausea. It apparently had 
little or no effect on the circulation itself. No alteration of the pulse 
rate was noted after the administi*ation of the drug. They reported 
the I’esults of over TOO injections without anj'- complications. ' 

It is this last method that we emploj^ed in the examination of our 
patients. We wish to call attention to its simplicitj^ and to the in- 
formation which the determination of the circidation time maj’- yield 
in the appropriate case.® 


PROCEDURE 


Altliougli a constant amount of 5 c.c. of a 20 per cent solution of sodium 
dehydrocliolatet was recommended by the original authors of the method, Ave found 
that an accurate response could be obtained in some patients with as little as 3 c.c. 
In general the faster the circulation time the less substance is needed to produce 
the taste. To avoid an intense reaction in patients suspected of having a very 
rapid time, the smaller. amount may be used. In normal individuals or patients 
with heart disease,- it is advisable to use only 5 c.c. In nearly 600 tests with 400 
teubjects there was always a positive response. 

The test is usually performed in the morning, Avithout breakfast, and under 
(resting conditions. The subject lies as nearly flat in bed as possible. The arm m 
'held at the level of the auricles. To aA'oid undue constriction the tourniquet is 
'only applied just before the injection. The patient is instructed that he AAill 
experience a transient bitter taste in the mouth and tongue and is to respond at 
once AA’hen he pereeNes it. The injection is made rapidly with an 18 gauge needle 


*The authors Avish to acknoA\ledg:e their indebtedness to Hr. Hermann 
who first called their attention to this reference during a lecture on the blood, a em<-i 
delWered at the Montefiore Hospital in 1931. 

fThe sodium dehydrocholate, knoAA-n commercially as deeholin sodium, Avas used 
us. 
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and a 5 or 10 e.c. syringe. A stop wild, records Uic time from ll>e moment of in- 
jection to the arrival of the bitter taste. From 1 to 2 seconds are rctiuired for the 
injection. The time at the start of tlic injection rather than at the conelnsion is 
-taken, since the response may come with a minimnni amount of the drug. The 
taste reaction persists for about 10 to 20 .seconds. The patient’s attention can be 
distracted from any unpleasant feeling afterwards by having him breathe deeply 
for half a minute. Occasionally there is a feeling of nausea, shortly after the taste. 
In four instances, among all those tested, vomiting occurred as well. The nausea 
docs not last more than a minute or two and is of no consequence. About 1 per 
cent of the patients tested also complained of ])ain in the right u])pcr quadrant 
shortly after the injection. This may be due to sudden gall bladder distention. 
There is no danger of slough or thrombosis from ])aravenous infiltration. The test 
may be repeated as soon as desired. Alost of the cases reported are the results of 
two or more tests on the same patient. Cooiieration on the part of the patient is 
necessary to secure an accurate res]ionse. The test is not reliable when the subject is 
in stuporous condition or mentally confused or has a loss of taste in the tongue. 
'When in doubt about the accuracy of the response, it is advisable to repeat the 
injection. 

In a number of patients we have ciu'cked the time through the use of calcium 
gluconate. This substance produces a feeling of heat in the mouth and over the 
body similar to that caused by calcium chloride. We have found the value.s, by the 
two methods, in the same patient to be the same, within the exiicrimental error. 

The subjects studied were all at the Afount Sinai or Montefiore Ilo.spital.s or were 
followed from the former institution to the latter. The group with heart disease is 
taken almost entirely from the Montetiore llo.spital, that with diseases of the 
thyroid gland is chiefly from the Mount Sinai Hospital and the Kadiotherapy 
Clinic* of the Arontefiore Hospital. The results from both institutions have been 
combined in the charts and tables. 


NOnAtAIi INDIVIDUALS 

Tliirtj- normal men and thirty normal women, chiefly of the lios- 
pital staff, were tested. Their ages ranged from nineteen to fifty- 
eight years. The average circnlation time Ava.s 13 second.^ for the 
group of sixty. The extremes at rest were from 10 to 16 seconds. 
Ihese normal values agree closely^ ivith the results reported by Win- 
ternitz, Deutsch and Brill.^" Their upper limit of normal is set, at 14 
seconds, but they fail to include the time taken for the injection, which 
Itself IS usually one to two seconds. The .sharpne.ss of these normal 
tune periods stands in contrast to tlie wider fluctuation found by the 
radiimd and histamine’== methods. Tliat tlie results as reported by the 
last procedure are too high is indicated in the work of Winternitz 
Deutsdi and Brill preyiorisl.y c|uote<l. It .SMins rciisoiiable to .assume 
that if the velocity of blood flow is not affected by the injected sub 

: r If f 

the moie nearly accurate and absolute it is. 

shorten^ that exercise aiuk excitement tend to 
the circulation time. Under the same conditions there lial 

in thlstuclf th’ese’ patients.^''"’' tbeir khulnoss and cooperation 
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10 PATIENTS WITH GRAVES' DISEASE 
AND HEART FAILURE 


68 PATIENTS WITH GRAVES' DISEASE 




NOREAL LIMITS 


CIRCULATION TIME PERIOD IN SECONDS 


Fig. 1. — The blood ci’’cuIation time in several clinical conditions. 
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been a remarkable agreement tor the same subject. 

did not exceed 3 seconds' difference among tlie normal mdividna . 

Our data have been prepared in graphic form. Previous 
tors have shown that in normal adults, the circulation time hears little 
or no relationship to weight, height, pulse rate and blood pressure. 
Our results agree with these findings. To avoid a confusion of figures 
the height, weight, pulse rate and blood pressure have been omitted 

in the chart (Pig. 1). 


HEART DISEASE 


Congestive Heart Failure— Adults. Although Koch’s studies® were 
limited to five-second samples, he ivas able to prove a definite slowing of 
the blood stream in congestive heart failure. His observations have 
been confirmed b3" all subsequent investigators. Except in the work 
of Kahler® and Winternitz, Deutscli and BrilP® it has not been possible 
to deal with absolute values since the ivide range of the normal by the 


fluorescin, radium and liistamine methods also covered a certain per- 
centage of the prolonged values found in congestive heart failure. It 
is quite probable that all the last three methods jdeld absolute values 
which are too high. 

In the report of Kahler® it is to be noted that periods aboi^e 17 
seconds are found chieflj^ in patients with signs or s^’^mptoms of con- 
gestive heart failure. 

Winternitz, Deutscli and BrilP® set the limit of normal at 14 seconds 
but fail to state whether this was exclusive of the time required for 
injection, which itself may be 2 seconds. Thej^ likewise found pro- 
longed time periods chieflj'' in patients with congestive heart failure. 
Bluingart^ averaged the different groups and found the time periods 
of those with congestive heart failure consider abty above normal. 

Since there can be no sharp clinical differentiation of patients with 
circulatory failure from those who are just on the borderline but 
rather onlj’- a gradual merging of one group into another, it is to be 


expected that the circulation times will zuflect a similar condition. In 
so far as it was clinieallj^ possible ive have attempted to separate a 
gi'oup of 140 adult patients with hj'-pei-tensive, arteriosclerotic, rheu- 
matic and syphilitic heart disease into those with and those without 
congestive heart failure. The patients were observed for periods of 
fime vaiying from weeks to months. As evidence of congestive faikme 
m a patient with a known cardiac lesion we used the presence of (1) 
dyspnea, (2) pulmonary congestion on physical or x-ray examination 
(3) enlargement of the liver, (4) edema, and (5) ascites. We feel 
Srif T diagnosis in the presence of the first three 

™ortirinn “““S'"*™ diagnosed. L 

1 0, tile hver was palpaWy enlarged, and in 47 edema was 
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Table I 


CiKCULATiON Time in Children With Heart Disease 





WEIGHT 

PULSE 

KATE 

BLOOD 

CIRCULA- 


NAME 

DATE 

AGE 

IN 

PRES- 

TION 

DIAGNOSIS AND COMMENT 




POUNDS 

SURE 

TIME 


Ch'oup 1. Bheumatic Heart Disease 

Without Signs of Congestive Heart Failure 

K. E. 

11/18/31 

13 

83 

80 

108/80 

13 sec. 

Chronic rheumatic cardio- 

$ 







valvular disease, mitral 
stenosis and insufficiency, 
chorea. 


12/ 9/31 

! 

83 

100 


12 sec. 

Clinical condition un- 








changed. 

P. F. 

12/11/31 

13 

95 

116 

80/40 

13 sec. 

C. E. C. V. D.,* mitral steno- 

$ 



■ 




sis and insufficiency, tran- 
sient auricular fibrilla- 








tion. 

S. L. 

2/ 8/32 

12.0 

75 

60 

110/65 

12 see. 

C. E. C. V. D., aortic stenosis 
and insufficiency. 

s 

3/11/32 








76 

84 


12 see. 

Condition as above. 

s. c. 

1/ 6/32 

13 

100 

92 

130/0 

17 see. 

C. E. C. V. D., aortic insuf- 

$ 







fieiency, mitral stenosis 
and insuflScieney. 


2/16/32 


100 

78 

128/0 

15 sec. 

Clinical condition un- 








changed. 

F. A. 

12/ 9/31 

12 

70 


128/0 

10 sec. 

C. E. C. Y. D., aortic insuf- 

S 







fieiency, mitral stenosis 
and insufficiency, second- 





WM 



ary anemia; 3,650,000 
E.B.C., 70% hg. 



12 

64 



11.5 sec. 

C. E. C. V. D., mitral steno- 








sis and insufficiency. 


Grmp S. Congestive Heart Fa-iMre in Bheimatio Fever 


S. G. 

$ 

12/ 3/31 

11 

43 

104 

120/20 

17.5 sec. 

C. E. C. V. D., aortic insuf- 
ficiency, mitral stenosis 
and insufficiency, fever ; 
liver enlarged, pulmonary 
congestion, pericarditis. 

Very apprehensive. 

B. K. 

$ 

■ 


53 

120 ' 

120/50 

17 sec. 

C. E. C. Y. D., aortic insuf- 
ficiency and stenosis, peri- 
carditis, fever ; edema 
present, liver enlarged. 
Died one week later. 


Group 3. Congestive Heart Failure Dominates the Clinical Picture 


W. A. 

S 

11/18/31 

11 

77 

no 

110/50 

35 sec. 


11/20/31 


77.5 

100 


29 sec. 


12/ 8/31 


72 

100 

108/50 

28 sec. 

S. T.~ 
$ 

11/18/31 

11 

78 

84 

90/60 

38 sec. 


C. E. C.V.D., aortic insuf- 
ficiency, mitral stenosis 
and insufficiency ; liver en- 
larged, edema of lower 
extremities present. 

Clinical condition un- 
clianged. , 

Lost 5 pounds of edema 
fluid after salyrgan 'in- 
jection; condition other- 
wise t he same. 

C. E. C. V. D., mitral steno- 
s i s and insufiieieney, 
auricular fibrillation , 
liver enlarged, edema 
present^ 
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Table I— Cont’d 


WEIGHT 

date age in 

POUNDS 


112/ 9/311 


PULSE 

KATE 


BLOOD 

PRES- 

SURE 


I CIRCULA- 
I TION 
TIME 


1/ 6/32 
12/11/31 IF 
1/12/32 


10/25/32 


Gronp 3— Cont’d 
"80 r 92/60 1 23 sec!! 


24 sec. 


IIS 124/0 23 sec. 


21 see. 



1/ 6/32 111 


3/ 2/32 15 58.5 

! 

4/ 4/32 62 

5/ 6/32 
10/20/32 


120 

1 80/40 

100 


84 

110/30 

SO 




100-120 90/60 25 see. 

ISO 95/65 27.5 sec. 

110 92/60 25 sec. 

90 100/60 30 sec. 


87 110/65 28 sec. 


Grottp 4. Borderline 


12/ 9/31 

12 

57 

120 

110/68 

16 sec. 

2/ 5/32 


59.5 

100 


19.5 sec. 


DIAGNOSIS AND COMJIENT 


Has lost 8 pounds of edema 
fluid on salyrgan and 
digitalis therapy ; much 
improved; liver edge still 
at previous level, no 
edema. 

Clinical condition as noted 

on 12/9/31. 

C. R. C. V. D., aortic insuf- 
ficieney; liver enlarged. 

I Clinical condition un- 

[ changed. 

C. K. C. V. D., mitral stenosis 
and insufficiency ; liver 
enlarged. 

Clinical condition un- 
changed. 


C. K. C. V. D., mitral stenosis 
and insufficiency, auric- 
ular fibrillation; liver en- 
larged, edema iiresent. 

Has lost 9 pounds of edema 
fluid; improved clinically. 


C. E. C. V. D., mitral stenosis 
and insufficiency, . acute 
pleurisy; liver enlarged; 
temperature 101.8°. 

Onset of paroxysmal tachy- 
cardia that lasted 1% 
hours at time of circula- 
tion test. Only complaint 
was palpitation. 

Feels better than on adihis- 
sion; liver still enlarged. 

Auricular fibrillation has 
lasted for 10 days, raiiid 
ventricular rate at start 
— 154 per minute, now 
controlled by digitalis. 
Clinicallj' iiatient feels 
worse ; congestive heart 
failure present. 

Regular ^ rhythm restored 
following quinidine; clin- 
ically improved ; conges- 
tive heart failure still 
present. 


, . jv., iijiuiiii sLcnosis 

a n d insufficiency. On 
borderline of congestive 
failure. 

-finical condition somewhat' 
worse than on admission; 
liver edge just palpable. 
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Table I — Cont’d 



i 

WEIGHT 

PULSE 

RATE 

BLOOD 

CIRCULA- 

" ■ ■■ 

DATE 

AGE 

IN 

POUNDS 

PRES- 

SURE 

TION 

TIME 

DIAGNOSIS AND COMMENT 


name 


Group 4 — Cont’d 


5/ 6/32 

■ 

58 

112 

102/60 

14 sec. 

6/29/32 

■ 

64 

104 


14 sec. 

10/ 1/32 

1 

66 

104 

105/60 

15 sec. 


Eespiratory infection, cough- 
ing. Liver edge 2 fingers 
below costal border. 

Clinical condition good; 
liver not palpable. 

No fever; clinical condition 
good; liver edge barely 
palpable. 


*C. R. C. V. D. — Chronic rheumatic cardiovalvular disease. 


present. The other 40, althoiig’li suffering- from complaints referable 
to the cardiovascular system could not be considered as belonging to 
the first group. Their complaints ivere either precordial pain, dj'-spnea, 
or weakness without aceompanjung signs of pulmonarj’- or hepatic 
congestion or edema of cardiac origin. 

Every one of the 100 patients with clinical congestive heart failure 
had a circulation time that was more than 17 seconds. In 96 of the 
100 the time was 20 seconds or more and ranged up to 47 seconds. 
The other group of 40 without congestive failure contained all grades 
from those who barelj'- showed any cardiac involvement to those who 
were on the verge of failure. Yet of this group, in only 10 was the 
circulation time 17 seconds or more. Nine of these 10 periods were 
between 17 and 19 seconds and the tenth one was 21 seconds. The 
general average of the group without congestive failure is about 2 
seconds higher than normal. The general average of the group with 
congestive failure was 26 seconds, or 13 seconds above the normal 
average. 

Congestive Heart Faihire — Children. The blood velocity of 15 chil- 
dren with chronic rheumatic cardiovalvular disease was investigated. 
Their ages ranged from ten to fourteen years. Technical dif6culties 
and the possibility of an inaccurate response precluded the use of 
younger children. Between 3 and 5 c.c. of sodium dehydrocholate 
were injected, depending upon the age and clinical condition of the 
patient (Table I). 

In 6 of the 15 children there was no evidence of congestive heart 
failure. Clinically thej^ suffered more from the effects of rheumatic 
fever than from a failing' circulation. As the table indicates, un- 
doubted valvular lesion Avas present in each one. The average cir- 
culation time for this group Avas 13 seconds, Avith the extremes at 12 
and 17 seconds. We have had no opportunity of determining the cir- 
culation time in normal children and but little data are available in 
the literature. In tivo patients, eight and eleven years of age admitted 
for surgical treatment Avithout any cardiac complications, the eireu- 
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lation time was 10 seconds in each. We believe that the circulation 
slioRld not be much difeerent from that in adults. 

In two of the 15 children congestive heart failure occurred diuTug 
the course of a severe rheumatic pancarditis. The patients wei^ criti- 
cally ill, and one died several days after the test Avas performec . le 
circulation time Avas 17 seconds in each case. The enlargement o . t le 
liver and the signs of pulmonary congestion lead one to assume a 
fairly seA^ere grade of cardiac failure. The time of 1< seconds appeals 
rather short and may be the result of the active rheumatic fever. 


In six of the children the signs and symptoms of congestive heart 
failure outAveighed the manifestations of the rheumatic activity. The 
circulation time for this group Avas from 21 to 45 seconds. Although 
the number of cases is small, they Avoukl appear to behave veiy similar 
to the adult group. 


One patient, J. P. (Table I), was on the borderline of congestive 
heart failure clinically. His circulation time fluctuated on fiA^e occa- 
sions from 14 to 19.5 seconds. As the table indicates, the shortest 
time Avas obtained during the course of a respiratory infection. There 
Avas no elevation in temperature accompanying it. 

Miscellmeous Cardiac CondHioi\s — Congenital heart disease. One 
patient Avith a congenital heart lesion, diagnosed as a stenosis of the 
pulmonaiy arteiy and an overriding aorta, had on three occasions 
circulation time periods of 11, 7.5 and 9.5 seconds. There AA^ere marked 
e3'’anosis and dj^spnea present but there Avas no evidence of congestiA'e 
heart failure. The rapid time of 7.5 seconds is suggestive of a Amnous 
arterial shunt in the heart, Avhereby a part of the circulating blood is 
pumped directly to the tongue Avithout pas.sing through the lungs. 

Suiaeute Bacterial Endocarditis. Of four patients Avith subacute bac- 
terial endocarditis engrafted upon rheumatic A'alAuilar disease, tAVO 
shoAved normal circulation time periods. One, Avith a marked sec- 
ondary anemia and elevated temperature had a time of 9 seconds. The 
fourth ease had a circulation time of 27 seconds and presented un- 
doubted clinical evidence of congestive heart failure and auricular 
flbiillation. Despite the severitj^ of the pathological process in the 
heart, circulation time periods Avithin normal limits Avere found in 
those patients AAdio shoAved no evidence of congestive heart failure. 


Pericardial Tumor. One patient Avith a pericardial tumor Avhieh in- 
vaded the auricle and clinically led to congestive heart failure had a 
circulation time of 20.5 seconds, in keeping with what was expected, 
the diagnosis Avas confirmed at the post-mortem examination. 

Cardiac Asthma. We were able to determine the blood velocity in two 
I atients during attacks of paroxysmal cardiac dj^spnea that simulated 
bronchial asthma. Both patients suffered from aLrioscleloT bean 
ease and had evidence of mild congestive heart failure. The cireu- 
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Tahi,k TT 

Yaiuation-s in trk Ciuculation Timk With Chanoks in the Ceinicai, Condition 

OK THE I’ATIENT 


NAME M’EIOHT 

AGE DATE IN 

SEX rOUNDS 

E. W. 11/27/31 1)3 

52 A’cars 

$ 


IlEOOD 

ITIESKHKE 


ClItClT- 

EATION 

TIME 


DIAGNOSIS AND COMMENT 


03 100 1.) 0/1 00 3S sec 


1/ 0/32 111 S'l 130/00 5-} see, 


2/ 5/32 100 SO 135/00 

3/1S/32 100 SS 1.15/00 


5/11/32 100 100 


II. E. ll/lS/31 
57 years 
5 

11/25/31 


12/ 2/31 


12/15/31 
1/ 7/32 


A. G. 11/20/31 125 02 00/75 

71 years 


12/10/31 IM 70 


12/1S/31 115 SO 110/80 

1/27/32 122 S4 

2/ S/32 125 00 100/70 


3/21/32 110 I 72 


A. B. 12/ 2/31 
54 years 
$ 

12/16/31 


120 SS 1S2/100 


123 84 185/100 


12/21/31 121 112 3S0/90 


3S sec. Ilyjiertciision and coronary 
artery disease. Bundle- 
branch block. Edema and 
ascites jiresent. 

.54 .sec. Ilns pained IS pounds of 
ode in a fluid ; clinically 

much worse. 

43 sec. Edema and ascites still pres- 
ent. 

-IS sec. Edema and ascites still pres- 
ent. 

Edema and ascites still pres- 
ent. 


45 sec. 



27 sec. Coronary artery disease. 

A 11 r i c u 1 a r fibrillation. 
Edema and ascites present. 

33 sec. Slight improyement due to 
loss of 0 pounds of edema 
fluid with digitalis and 
salyrpan. 

33 see. Continues to lose edema fluid; 
no ascites present. 

25 sec. Very much improyed; no 
edema. ])resent. 

35 sec. Still in congestive heart fail- 
ure, but no edema or 
ascites. 


43 sec. llyjicrteusion, coronary artery 
disease, auricular fibrilla- 

tion. E d e m a, ascites, 
hydrothorax. 

25 .sec. Loss of 11 pounds of edema 

fluid. Ascites and hydro- 
thorax cleared up. 

26 sec. Continues to improve clin- 

ically. Edema absent. 

25 sec. State ’ of nutrition better. 

Edema absent. 

26 sec. State of nutrition better. 

Edema absent. Liver still 
enlarged. 

32 sec. Returned in congestive failure 
after leaving the hospital. 
Edema, ascites present. 


16 sec. ITypertcnsive heart disease, 
pulmonary congestion. 
Liver edge barely palpable. 

IS sec. Has gained 3 pounds of 
edema, fluid. Congestive 
failure more pronounced. 

22 sec. Respiratory infection; fluids 
forced ; liver edge now 2 
fingers below the costal 
border; temperature 100°. 
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Tmiu: TI— Cont’i) 


NAME 

DATE 

WEIGHT 

rUESE 

DEOOD 

cnta:- 

liATTOX 

DIAGNOSIS AND COMMENT 

AGE 

SEX 

IK 

rouKPS 

KATE 

rUESSUKE 

time 

^ 

C. T. 

ii/2r./.s] 

110 

42 

230/00-80 

25 sec. 

Cdroiinry artery flisease, com- 
plete ' licart -block, conges- 

50 years 






live Iiearf failure with 

$ 






eilema. 


1/ 0/32 

107 

40 

210/Sfl 

35 sec. 

(leneral condition worse: 
edema of lower e.\tremities 







]ironounced. 


2/ S/32 

107 1 

30 

220/00 

34 sec. 

f'ondition the s.anie for jiast 







monili. 


3/ 2/32 

lO-l 

34 

204/S4 

35 sec. 

Slight change in physical 






status. 


5/ 0/32 

107 

72 

100/70 

20 sec. 

S])ontaneons restoration to 





sinus rhythm, .‘^objectively 
and objectively very little 
change. 




5/ S/32 

100 

3S 

1 SO/SO 

37 sec. 

Peversion to heart-block after 






3 d.'ivs; f(*els worse; no 







clmnges object ively. 


Taih.k in 


CiKCEi<.vnoN' Timk in* Poi,vrvTin:MrA 


NAME 

AGE 

TOTAI, 

IIED 

nl.OOD 

COUNT 

IIEMO- 

GI.OniN 

TOTAI. 

11 1, 001) 
VOI.U.ME 

VOI.U.ME 

I'EK 

KII.OGKAM 

CIllCUI.A- 

TION 

TIME 

III.OOD 

ruES- 

SUHE 

IGAGNO.SIS 

A. M. 

3' 

50 

0,250,000 

1209^ 

5,220 C.C. 

87 c.c. 

! 

I i(Kr> s(M\j 

I 

130/80 

.Secondary 

polycy- 

themia. 

Duodenal 

nicer. 

J. C. 

5 

2S 


1257, 

0,100 c.c. 

113 c.c. 

10.5 sec. 

100/70 

l*olycythoini:i 

vera. 

J.A. 

9 

34 

0,350,000 

154% 

3,300 c.c. 

103 c.c. 

1S.5 sec. 

120/88 

Polycythemia 

vera. 

S. D. 

$ 

5G 

8,500,000 

1377e 

0,000 c.c. 

133 c.c. 

18 sec. 

1S4/00 

Polycythemia 

hypertonica. 


lation time periods ivere found prolonged but nol I'adicully diiTercut 
from the time periods betAvecu the ciiisodes ol! dyspnea. 


Tachycanha and lirudycardui. In two ]mtien1s we liad the ojpior- 

timity of determinin'? Ilie ehect of marked iluctualion in ilie inilse rate 

on the circulation time. One was a. child, R. T. (Table I), avIio had 

chionic rheumatic cardioAuilvular disease with congestive, failure. )She 

was subject to attacks of paroxysmal tachycardia (demonstrated by 

tlm electrocardiogram). Her complaint at such times was chielly car- 

Mac palpitation. The episode began and ended suddenly and lasted 

irom several minutes to several hours. As the table shows, the circu- 

a mn time remained practically the same during an attack that last ed 

+^100 one-half hours in which the msual rate of 100 to 120 had risen 
to 180 beats per minute. 
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The other patient, C. T. (Table II), suffered from arteriosclerotic 
heart disease with complete heart-block. His past history showed 
that on several occasions he had established a regular sinus rhythm 
with a pulse rate up to 84 per minute, instead of his usual rate of 38 
to 46 per minute during block. Such changes were spontaneous, lasted 
several days, and were not accompanied by subjective or objective im- 
provement in the clinical condition. The patient’s basic circulation 
time during the four months prior to his latest episode of sinus rhythm 
was 35, 34, and 35 seconds, with his rate fluctuating from 34 to 46 per 
minute. Examined on the third day of a period of sinus rhythm with 
a rate of 72, the circulation time Avas found to be 20 seconds. Tavo 
days later the rate Avas 38 and the circulation time had returned to 
its previous level — 37 seconds. For five days the patient had had a 
sinus rhythm, demonstrated by numerous electrocardiographic trac- 
ings. There had been little or no change objeetiAmlj’’ or subjectively 
in his clinical condition. CongestiAm failure continued as before; yet 
the velocity of blood floAV had almost doubled. Significant as aa'cII is 
the drop in blood pressure that occurred at the same time (see Table II). 

Comment. With the exception of one patient Avith heart-block, de- 
scribed in Table II, no constant relationship Avas found betAveen the 
blood pressure, venous pressure, pulse rates, or Aveight of the patient 
and the circulation time. While there is a tendency for the time to be 
prolonged in proportion to the degree of congestive heart failure, there 
Avere exceptions to this as Avell, especially in the presence of active 
rheumatic fever. As improvement occurred Avith digitalis and diuretic 
therapy, the time Avas generally shortened. In those aa'Iio improved 
sufficiently as no longer to be classified in congestive failure, the time 
tended to return to the upper limit of normal. HoAvever, the correla- 
tion Avas not so exact as to make the test of prognostic value. 

Nearly all those avIio shoAved prolonged times Avere tested tAvice. 
Whereas in the normal the duplicate tests under the same conditions 
shoAved a maximum difference of plus or minus 3 seconds, those AAuth 
prolonged time shoAved fluctuations up to 8 seconds, especially in the 
group AAutli periods above 30 seconds. >Similarly, the deviation from 
the general average of 13 seconds in the normal Avas plus or minus 3 
seconds, AAdiereas in the group AAuth congestrte heart failure it Avas 
minus 9 seconds to plus 24 seconds. It Avas rather a surprising clinical 
demonstration in many cases to obtain repeated circulation times in 
the same patient agreeing to one second. 

DISEASES INVOLAUNG THE LUNGS AND PLEURA 

Pulmonary Emphysema. The difficulty of accurately diagnosing cai- 
diac failure in the presence of pulmonary emphysema is Avell recog- 
nized clinically. The cardinal symptoms of dyspnea, cyanosis and 
cough are present in both conditions. 
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Blumgart and Weiss^'» found the circulation time in 21 out of 2o 
patients with pulmonary emphysema to be within normal limits. 1 le 
normal or even increased velocity of blood flow particularly m those 
patients who had many of the symptoms and signs of severe circu- 
latory failure such as conspicuous weakness, cyanosis and dyspnea m 
of great importance. It shoivs that pulmonary emphysema alone is 
sufficient for the production of these symptoms and signs.” (Blum- 


Of a total of 19 patients with pulmonary emphysema either idio- 
pathic in origin or secondarj’' to a long-standing asthma, bronchitis 
or fibroid tuberculosis, normal circulation time periods were found 
in 13 patients. In one of these there ivas clinical evidence of conges- 
tive heart failure. In the remaining six patients there was a slight 
prolongation of the circulation time — up to 22 seconds. In four of 
these six patients there was clinical evidence of congestive heart fail- 
ure, either secondary to right heart involvement or upon an independ- 
ent basis. 

Pneimonia, Tvhe^'cvJosis. Hirschsohn and hlandel,' using calcium 
cliloride, showed that the blood velocity in pulmonary tuberculosis is 
within normal limits and is not affected by the volume of the lung. 
Pneumothorax, apparently, has little effect upon the velocity of the 
circulation through the lung. We examined a group of 9 patients 
with pulmonary disease in whom we were certain that no cardiac com- 
plications existed. Pour of these patients had at the time a lobar 
or bronchopneumonia accompanied bj* elevation in pulse, tempera- 
ture and respiratory rates. The other five patients suffered from 
active pulmonary tuberculosis.* The circulation time period for the 
group ranged from 7.5 to 13.5 seconds and the average time ivas 
11.2 seconds. 


In two patients with pulmonary tuberculosis in whom evidence of 
congestive heart failure was found during life and at necrop.sy, the 
circulation time was beyond 20 seconds. 


In the presence of the increased metabolic rate accompanying fe- 
vei it seems reasonable to expect an increased blood velocitjL The 
general average for the group is nearly 2 seconds faster than normal. 
In evaluating congestive heart failure in such a group it would be 

safe to accept time periods between 16 and 20 seconds as suspicious of 
cardiac involvement. 


POLYCYTHEMIA AND MYXEDEMA 

The only other conditions that may produce a slowing of the blood 

anrr^ ^ circulation time are polycythemia^ 

the t^r' '''' polycythemia observed by us 

__^ne was prolonged. In two of these there was undoubted evi- 

the courtesy of Dr. Maurice Fishberg on 
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deuce of severe coronaiy artery disease, so tliat it was not possible 
to place the responsibility upon the polycythemia alone. In the other four 
there ivas no evidence of cardiac failure. The relationsliip of the 
polycythemia to the circulation time in the other four patients is 
shown in Table III. The time periods begin at the upper limit of nor- 
mal and run to 18.5 seconds. The prolongation is not veiy striking; 
yet it is in keeping with the altered physiology of the blood move- 
ment in ‘polyeytliemia. 

One patient vitli myxedema was observed before treatment. Her basal 
metabolic I’ate Avas minus 32 per cent, pulse 70, hemoglobin 70 per cent, 
red blood count 3,700,000, and the eii’culation time 21 seconds. After 
the administration of 44 grains of thyroid, the patient shoAved eAudence 
of overdosage. Excitement Avas present, the temperature AAms ele- 
Amted to 100.4° P., pulse aalts 84 per minute, the basal metabolic rate 
Avas minus 10 per cent, and the circulation time 8 seconds. Aiiother 
liatient had a circulation time of 16.5 seconds Avith a basal metabolic 
rate of minus 36 per cent. PolloAving thyroid therapj^ the basal 
metabolic rate rose to minus 6 per cent and the cirenlation time de- 
creased to 13 seconds. 


GRAA'ES’ DISEASE 

Bluingart, Gargill and Gilligan-® Avere the first to measure the blood 
A’'eloeit3’ in patients Avith thyrotoxicosis. In 13 patients they found 
an increased speed of blood floAv through the lungs that AA’-as 85 per 
cent faster than the average normal. They Avere able to relate the 
rapid time to the elevation in the basal metabolism. It appeared to 
be an almost linear function of the latter. With a reduction in 
basal metabolic rate to normal the circulation time appi’oached the 
normal. 

Kahler® reported the results of 6 tests on the same number of pa- 
tients. The times I’anged from 7 to 12 seconds; the average of the 
group Avas definitely faster than the normal. 

We Avere able to perform 100 tests of the blood A='elocity on 78 pa- 
tients Avho suffered from Gi’aves' disease and in AAdiom the basal meta- 
bolic rate Avas elevated from plus 5 per cent to plus 87 per cent. Of 
these 78 patients, 10 had at the time of measurement eAudence of 
cardiac failure, as a possible result either of the thyrotoxicosis, or of 
a coincidental cardiac lesion. The average circulation time for the 
group of 68 Avithout cardiac failure Avas 9 seconds in contrast to the 
normal of 13 seconds. The indiAddual times ranged from 6.5 to 12 
seconds. The circulation times of , the patients AAdth cardiac failure 
ranged from 6.5 to 19 seconds and averaged 13 seconds. These times 
bear out the findings of Bluingart, Gargill and GiUigan.^® For the 
degree of cardiac failure present one Avould have expected a mucli 
more prolonged time for the group, at least 20 seconds. The eircula- 
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tiou time period in patients Avith con-restive heart lailnre and GiaA s 
disease seems to be an arilhinetical average ot what would he ex- 
pected in cither condition alone. Through the nieasnrenient o.l; the 
circulation time it was possible to recognize two cases ol! Graves 
disease Avhich at first impression had been clinically masked by symp- 
toms of a coincidental rhenmalic heart disease. 

Jn four patients with enlargement of tin- thyroid gland dne to 
adenomata and not associated with evidence of hy]ierthyroid]sm, the 
circulation time ])eriods were lO.b, 12, 12, and 14 seconds. 

In four patients Avith nenrocircnlatory asthenia Avhose complaints 
AA'ero A'Ci'y similar to thosi- of }iatients Avith hypeidhyroidism, but 
AA'liose basal metabolic rates Avere normal, the circulation time peri- 
ods Acere from 10 to 12.5 seconds. Knrther studies in this group are 
contemplated. XTi conclusion can be draAvn I'rcnn so small a nnmln-r 
of cases. 

An attempt to relate the c.irc\dation time to the elevation in the 
pulse rate in the patients Avitli GraA’cs’ diseast? Avas not snccesslul. 
Neither have Ave been able to relate as clos(‘ly as Blnmgart did, the 
increased blood velocity to the elevation in the basal metabolic rate. 
In general aa’c found that those Avith the highest basal metabolic rate 
and the fastest pulse rate had the shorter times, but. likoAvise. times 
of 8 .seconds were found in patients Avhose metabolic rate. Avas only 
16 percent above normal and Avho clinically had active Graves’ dis- 
ease. In the ]Aerformanc<> of the test on patients Avith hypo'thyroidism 
complete coojieration is absolutely e.ssential for an accurate re.sult. 
Unless the test is done Avith the jiatient completely at rest, a shorter 
time than is normal for that jiatient Avill be obtained, lllnmgart has 
pointed out that in addition the A-ariable factor of arm to liearfc time 
may he responsible for the failure to eorrelale the data.' 


AXIAAIIA 


The consensus of (;piniou regarding the dynamic.s of the circulation 
in severe anemia is that the cardiac ontjAut per minute tCAuls to in- 
crease and the velocity of blood tloAV Avith it. 8ucli a mechanism is 
one of the means of supplying the reqni.sitc amount of oxygen to tlie 
tissues Avhen a deficiency of liemoglobin exists. The other mecha- 
nism is more complete utilization of the arterial suipAly of oxygen with 
a resultant greater arterioA-enoAis oxygen difference. 

In a study of 18 patients A\'ith severe anemia, both }Arinvary ond 
secondary, in none of AA'hom symptoms of cardiac failure existed so 
ar as could be determined clinically, the aAmrage circulation time Avas 
12 seconds. The individual values fluctuated from t) to 15 seconds 
iiie average in our series of 60 normal controls was 13 seconds wi/l.’ 

10 to 10 aoconds, Ti.o difforeoco is ,.o, 
but no conclusions can be drawn from so small a groipi. ' 
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:mISCELTjANEOUS CETNICATj conditions 

It was of interest to investigate the circulation time in a group of 
diseases in which enlargement of the liver, edema, ascites, or dyspnea 
might raise the question of circulatory failure in the differential diag- 
nosis, Such conditions are chronic glomerulonephritis, the nephroses, 
cirrhosis of the liver, the obscure group of hepatosplenomegalies, 
and occasionally neoplasms. 

Cirrhosis of ihc Liver. In 9 patients with hepatic enlargement due 
to cirrhosis, amyloidosis, or hemochromatosis, despite the occasional 
presence of marked ascites, the circulation time Avas normal. In 2 
patients with a hepatosplenomegaly of unknown etiology and normal 
blood findings, the circulation time Avas likeAvise normal. 

Carcinoma and Sarcoma: In ]() patients with carcinoma or sar- 
coma inAmhung dift'ei’eut abdominal organs and acconqianied in some 
by secondary anemia, the circulation time aalts 10 to 15 seconds. 

Ne^ihrifis. In glomerulonephritis the blood velocity Avas investi- 
gated bj’" Koch^ and Kahler® and found to be more rapid than normal. 
This is due to the secondary anemia usually seen in those patients. 
We examined 13 patients aa'Iiosc clinical picture aa^ts primarily renal 
in origin. 

In 5 patients AAdth chronic glomeimlonephritis AAdth and without 
edema, the circulation time AA'as 11 to 14 seconds. There was no evi- 
dence of congestive heart failure in any of the five. Moderate to se- 
vere anemia, h.Aq^ertension, cardiac hypertrophy and dilatation were 
present in all. 

In 4 patients Avith renal insufSciency, either due to glomeruloneph- 
ritis or arteriosclerosis and complicated by congestiAm heart failure, 
the circulation time was prolonged beyond 20 seconds in two and at 16 
and 17 seconds in the other two patients. There was a severe secondaiw 
anemia present in all of them. Those with times above 20 seconds 
died within a short time after the test. At autopsy there was confir- 
mation of the congestiAm failure. Whether the time in any indmdual 
patient is prolonged beyond 20 seconds depends upon the degree of 
heart failure and the admixture of anemia. 

Normal circulation times Avere found in one patient Avith marked 
hjTpertension and renal insufficiency due to uiuc acid calculi, in two 
patients Avith amyloid nephrosis, and in one Avith a combination of 
diabetes mellitus, nutritional edema and renal insufficiency due to 
calculi. 

EFFECT OF EXERCISE AND NONBASAU STATES 

Strictly basal conditions such as twelve hours fasting and one hour 
absolute rest Avere only adhered to in about 50 per cent of our cases 
investigated. We Avere more interested in securing the usual value 
Avith the subject at rest. The slight difference that occurs betAveen 
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the strictly basal anti the rest.i..|{ slates yc fonml In fall 
limit of liic cxiicrimciilal error. In liatienls willi eoniresl rt i. 
failure Kahler' found that even moderate exercise did not |'n»el llie 
circulation time nlaterially. Tlie.se patients are already tvorkiiiv n h 
their maximal cardiac reserve. They are linalile In meet the deiiiaiitls 
for increased work on the ]Rirt of the eireiilation. 

In five normal subjects who were examined by us dunnjr a ijernul 
of moderate activity, such as routine tkmr Jiursinjr, the cireulatum 
time was found to be at. the faster level of normal in three. In the 
two others the time periods were as rapid as S seconds. Kalilei 
reported shortening of the circulation time fnmi 1 to 4 soct»n(ls in 
normal individuals after moderate exorcise. 

The impovtanee of maintaining basal conditions is indicated in Die 
patients suspected of Graves’ disease. 7 iu* eircidation time of an 
apprehensive, nervous jiatieut without hyperthyroidism may be jis 
rapid as one with a markedly elevated basal metaliolie rate. 


DISCITSSJOX 

The condition of greatest clinical imporlaiiee in which a slowing of 
the blood stream occur.s is congestive liearf failure. IJen* it is inde- 
penclont of tlie etiological factor, wliether rlieumalism, liypertension. 
arteriosclerosis, or sypliilis. Auricular lihrillatittn. when pia'sent. in- 
fluenced the circulation time in our eases only in so far as it was asso- 
ciated with congestive heart failure. The significance of a. iirolonged 
circulation time from a teleological point of view is beyond the scope 
of this communication. Clinically, it is of imjiorlanee in tlie differ- 
ential diagnosis of cardiac failure from conditions simulating it. ICx- 
cepting one case with heart failure in Die eoiir.se of pulmonary em- 
physema, a pi'olonged eireiilation time was found in every imtient 
with edema of cardiac origin. Convei'scly, a noriiinl Dine in Die 
presence of undoubted clinical cardiac failure .sliould make one seandi 
for factors which would tend to increase Die velocity of blood flow. 
The most nsnal are hyperthyroidi.sin, fever and severe anemia. Simi- 
larly, in clinical bjqierthyroidism a normal or prolonged eireulalion 
time should lend suspicion to early cai'diac j’ailuro. 

In 92 per cent of our patieiit.s with congestive lieart failure enlarge- 
ment of the liver was present on palpation. In all these the eireula- 
tion tune was prolonged beyond nonnal limits. Conversely, enlarge- 
ffiout of the liver accompanied by a normal circulation tiiue in heart, 
disease has led us to investigate for a possible hyperthyroidism, or an 
m ependent cause for the liver enlargement.. In two of our ii’nt.ients 
hjTiertension and enlarged liver, congestive heart failure was 
suspected because of the large liver. A normal circulation time led to 
a more careful review of l.hc history and revealed a cirrhosis of the 
ner as the responsible factor Tor the hepatic eiilar-eiueut 
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Till* rcc'oiniilirni of )'«iluiv in tin- prcscnct- of one or (wo 

otlior oHnieat rnjnlitiniis sm*h as m-j»!iritis. miiyirtiii neiihrosis, lubor- 
c-ulosis. cirrhosis oF tin- livi-r. jiinl starvation (-th-ina is soinotinios a 
difficult clinical prohlcm. If tin* failure luis profrressed to a decree 
rcspfuisibii! for livi-r fnlarfrcnn-nt or nlcma. jlnr cirt-iiiatitui time will 
be fttiiud proloinj^ed. 

Jji eon'.o-.slivi- bearl Failure a(-i.-omjtaj}yiuir or caused by pulmonary 
cintdiyseiiiH a compaifil ivt-ly sli^^ht diminution of the blood velocity 
was noted by Bhnuyart.' Our juitieiits slmwed siiniiar findings. Xo 
satisFaefory explaufition F(<r this jdieiioinenon can be ofTercfl at present. 


Sl'MMAKV 


J. The severjil nieliiods juoposed For tin- detenoinalion of the veloc- 
ity of blood flow or eireiibifiou lime and the results obtained arc 
i-eview<>d. 

2. A simple pr<Kredure utiliziii'r the injection of s<idium dehydro- 
eholnte (decliolin-sodium) is outlined for performine: tlie test. Tin? 
prccjiutions to b(» observed are discussed. 


2. Tin? avera'^re cireuialion time in normal restintt a<lul(s f<U' the 
blood to travel from the arm vein, tlirou’rb the liearl and hums, and 
tip to the mnufli, is 12 sceonds. as fletcnnined by s(KHum dehjalro- 
cliolate. Tilt? normal ran»re is II) to ](i seconds. 

4. The hlood velocity was determined in 140 iulnlt patients with 
Jieart disease due either to hypertension. arlt?rio.selerosis. rlienmalic 
fevt?r, or syphilis. In so far as it was possible clinieany, they wt>r<? 
divided into two groups: those without and those with manifestations 
of congestive heaiT failure. 

(a) There were 40 patients in the groiij) witiumi cartliac failure. 


Tlie circulation time in 20 of these was witliin normal limits, in the 


remaining 10 patimits the time was between 17 and 21 seconds. The 
general average For the group was 15 seconds, only 2 socond.s above 
the average for norma! adults. 

(b) There were 100 patients in liie group with signs of congestive 
heart failure. In 0(i of the.se 100 jiafients the eireubilion time was 
20 seconds or more and ranged up to 47 seconds. In only 4 of the 
patients was the circulation time le.ss than 20 seconds. It wa.s not less 
than 17 seconds in any of the four. The general average for the group 
was 26 second.s — twice the average for normal adnlf.s. 

5. The hlood velocity of a gnnip of 15 cliildron witli rheumatic heart 
di.sease was investigated. Their general behavior was similar to that 
of adults. Active rheumatic fever tended to increase tlie hlood veloc- 
ity in two of these cliildrcn in whom congc.stive heart failure was also 


present. 

6. The blood velocity was determined in patients with such different 
cardiac conditions as congenital heart disease, .subacute bacterial endo- 
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cnrditis paroxysmal earcliao dyspnea, pericardial luinor, paroxysmal 
taoliyeardia, and lieart-l)look. Us signifleance in tliesc conditions 

discussed. , . 4 v,. n,.. 

7. Caution must be exercised in intcrDrctmg- the values ioj t c 

circulation time in patients suspected ol: having- heart ^ 

presence of pulmonary emphysema or marked pulmonaiv hb . ... 

S. Fever and anemia tend to increase the velocity of blood How. 

9. A slowing of the blood velocity was fonnd in ))aticnls sutlenng 
from polycytliomia or myxedema. 

10. The blood velocity was determined in 78 patients with clinical 
manifestations of Graves* disease. They were divided into two groups: 
those without and those Avith evidence of heart lailure. 

(a) In 68 patients who showed no evidence of bearl. failure the 
blood velocity was distinctly faster than normal. The average foi 
the group Avas 9 seconds and tin; extremes ranged Irom (5.5 to 1- 
seconds. 

(b) In 10 patients Avitb signs of cardiac failure in addition to the. 
GraA^es^ disease, the circulation time tended to be an aritbmctic aA’- 
erage of the tAvo conditions. O’be aA'orage for tb(' gron]A Ava.s 13 sec- 
onds. 

11. Through determination of the blood velocity, the possibility ol 
recognizing congestive heart failure in the presence of .sneli dincrent 
clinical entities as eirrliosis of the liver, eareinonia. P)rigli1 ’s disease, 
and hyperthyroidism is indicated. 
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CONGENITAL ANOMALIES OP THE CORONARY ARTERIES; 

report of an unusual case associated with 

CARDIAC HYPERTROPHY'^^^ 
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Boston, Mass. 

D evelopmental defects of the coronary arteries nuassoeiated 
with co-existing congenital anomalies of the heart or great ves- 
sels are of interest because of their infrequent occurrenee and the 
possibility of their serious significance. 

In 6,800 post-mortem examinations during the past 37 years at the 
Massachusetts General Hospital anomalies of the coronaiy arteries of 
sufficient extent to warrant mention in the anatomical diagnosis of 
the cases have been noted in only 4 instances. Except in the case 
herewith recorded, the remaining abnormalities were incidental post- 
mortem findings of no clinical importance in three adult male pa- 
tients; one consisted of. a small accessoiy right coronary artery, the 
second comprised a single normal-sized coronary artery, the left, W'hich 
gave rise shoidly after its origin to a branch wliich followed the course 
usually taken by the absent right coronaiy artery, and in a third in- 
stance the right coronary was much smaller than normal with its 
circumflex branch extending only 2 cm. from its origin, whereas the 
size and distribution of the circumflex brancli of tlie left coronary 
artery in contrast were considerably larger than normal. 


Significant abnonnalities of origin where one of the major eoroua- 
ries arises from the pulmonary artery are important in that exten- 
sive degenerative changes in the myocardium may result from the 
inadequate blood supplied to the region involved; or, if the patient 
survives to adult life, which is exceptional, curious dilated and tortu- 
ous arterio-venous aneurysms may develop upon the heart wall. We 
are reporting a case recently encountered at the Massachusetts Gen- 
eral Hospital which presented the rare combination of a left coro- 
nary arteiy of normal size arising from the pulmonary conus co- 
existent with an otherwise unexplained h 5 y)ertrophy of the heart as 
a whole, together with degeuerafive changes in the wall of the ven- 
fri^largely confined to the area supplied by this malposed vessel. 


Prom the Cardiac Clinic of the Massachusetts General Hospital 
WasW^ton^D. International Association of 


, Boston, Mass. 
Medical Museums, 
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THE a:mehicax iieakt jouknae 


We have eucountered iu the literature only eight eases where one or 
other of the main coronary arteries, usually the left, arose from the 
pulmonary artery, and a few additional cases in which an accessory 
third coronary had a similar origin. A review of the reported cases 
reveals features of unusual interest which will he commented upon 
later. 

case keport 

A thi-ee-montbs-old male infant weighing 11 pounds was admitted to the hospital 
on July 26, 1932, because of recurring attacks of dyspnea, pallor, and profuse 
sweating for the preceding two weeks. Delivery had been entirely normal and at 
term. Both parents as well as an older brother two years of age are normal. 

Nothing remarkable was noted about the patient until the tenth week; while 
nursing from the bottle the onset of an unusual grouii of symptoms occurred which 



Fig. 1. — An x-r;iy film of the chest showing the diffuse cardiac enlargement which 
was most prominent in the region of the ventricles. Tlie tube distance in this in- 
stance w.as seven feet from the heart. 


consisted of ijaroxysmal attacks of acute di.scomfort precipitated by the exertion 
of nursing. The infant apjieared at first to be in obvious distress as indicated by 
short inspiratory grunts, followed immediately by marked pallor and cold sweat with 
the general appearance of severe shock. Occasionally with unusually severe .at- 
tacks there appeared to bo a. transient loss of consciousness. The eructation of gas 
at times seemed to relieve the discomfort and to shorten the duration of an attack, 


which usually lasted from five to ton minule.s, and following which the infant might 
proceed to nurse without difiiculty and remain free of symptoms for several days. 
It is noteworthy that during the above seizures cyanosis was not an outstanding 
sign, but appeared only when the infant cried vigorousl.v, and even then was not 
pronounced. The lungs remained free of congestion and there was no significant 
change in the rate or rhythm of the heart. Convulsions never occurred even during 
the transient periods of apparent unconsciousness. These observations were lirst made 
by the infant’s father who is himself .a physician and a very careful observer, and 
wore confirmed by one of us. 
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Tl,e attacks "'““f “"^st 'cvcarca'Stc 

HS===='S~ 

ill nil lefids of the coronary type (late imciMon) (.i i},- i i .,,i 

change in tlie T-wave significant especially in that no digitalis or o 

been administered. Low voltage of the QRS complexes was also piese it. 

During observation in the hospital the child appeared to be f ^ 

pallor wL present at times after nursing or crying. On August 0, 39A-, he had 
severe attack of difficult respiration with expiratory grunts and for the t.rst tinu 


Dead 1 

Ti 





Lead I in 








2. — ^An electrocardiogram sboAving a late and deep inver.sion of the T-wavc 
of the coronary type especially well shown in Leads I and II. Time interval is 0.2 
second. 


marked cyanosis. He was ijlaced in an oxygen tent without significant improve- 
ment. Death occurred eighteen hours later apparently from respiratoiw failure. 
The clinical diagnosis was congenital idiopathic hypertrophy of the heart. 


^'ecropsy . — A post-mortem examination performed twelve hours after death re- 
vealed the following findings: The thymus Avas normal. The liver extended C cm. 
below the xiphoid and 4 cm. beloAv the costal margin. It iveighed ISo grams (nor- 
mal 140 grams). Tlie kidneys Avere normal. The left lung Avas moderately collapsed 
as a result of iiressure from the enlarged heart. 


The heart weighed 91 grams (normal 2o grams). Tlie left A-entricnlar Avail 
measured 11 mm. and the right 3 mm. in thickness. The chamber of the left 
Aentricle (Fig. 3 ) was large and its Avail occupied the entire apex of the heart, 
^hereas the right ventricle (Fig. 4) Avas relatively smaller than normal A\dth its tip 
- cm. from the apex. All of the valves Avere normal— thin and sufficient— Avith cir- 
enm erences as folloAVs: mitral 4.4 cm., aortic 2.4 cm., tricuspid 5.0 cm., and the 
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pulmonic 2.3 cm. The right coronary artery (Pigs. 3 and 5) arose at its usual 
site from the aorta by one large mouth and an adjacent small mouth, the latter 
supplying branches to the upper portion of the right ventricle. The larger mouth 
communicated vitli a normal-sized right coronary -which coursed along the auriculo- 
ventricular groove giving off anterior brandies to the right ventricle and a large 
posterior descending branch which occupied the posterior sulcus between the right 
and left ventricles and continued almost to the apex (Pig. 5). The main right 
coronary artery continued in a horizontal direction to a point where the inferior 
vena cava entered the riglit auricle, and in this region bent downward to fade out 
over the wall of the left ventricle posteriorly. The left coronary artery, normal in 
size, arose from the pulmonary artery (Pigs. 4 and 5). A few millimeters from 
its mouth it divided in a Y-shaped fashion. The larger branch coursed downward 
over the apex, then curved backward and upward on the posterior aspect of the left 
ventricle, and gradually faded into the muscle wall. The second branch was quite 




Fig-. 3. — A drawing- showing- t!ie well marked hypertrophy and dilatation of the left 
ventricle. The right coronary orifice is seen above the right aortic valve. (For this 
and subsequent drawings we are Indebted to Miss Dorothy Norton.) 

Fig. 4. — Showing the relatively small size of the opened right ventricle. The orifice of 
the left coronary artery is seen above the left pulmonary cusp. 

small and supplied the upper part of the left ventricle. The inferior vena cava at 
its point of entry into the right auricle also communicated with the left auricle 
by a narrow slitlike opening 3 mm. in length. The ductus arteriosus was slightly 
patent at the aortic end, but was completely occluded as it approached the pul- 
monary artery. 

The microscopic examination of the tissues was made by Dr. Tracy B. Mallory. 

The greatly increased thickness of the heart wall was due in part to an in- 
crease in the number of muscle fibers, and in part to the separation of the muscle 
bundles by unusually large spaces, the result of vascular dilatation together with 
a small amount of fibrosis between the bundles. The average -ividth of the muscle 
fibers was no greater than that of a control section from an infant nine weeks of 
age. Sections taken from the wall of the right and of the left ventricle showed 
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no appreciable differences in tlio size of llie innsclo libers. IIo^Ycvcr, on the endo- 
cardial surface of the loft ventricular wall there was marked fibrous thickening 
■nith occasional patches of fibrosis at deeper levels. A considerable proportion of 
the muscle cells showed two and three nuclei in close proximity or even in contiguous 
chain formation, strongly suggestive of the chains of nuclei seen in degenerating 
skeletal muscle attributed to amitotic nuclear division. Careful search failed to 
reveal mitotic figures. In a few areas groups of vacuolated muscle colls with largo 
pale nuclei were seen, presumably “hydropic’* degeneration since fat stains were 
negative. 

Tho greater part of the Imig sections showed markedly thickened alveolar walls. 
In some areas the lung tissue was not recognizable, the appearance being that of a 
mass of small darkly stained nuclei .surrounded by thick fibrils and infiltrated 
with monocytes. In the center of one of the masses a small bronchiole could be 
seen. The arterioles were very thick and their luininn wore almost obliterated. 



The kidney sections were normal. The liver showed marked vacuolization and 
a moderate destruction of cells. 

The anatomical diagnosis was congenital cardiac hypertrophy, congenital anomalies 

developmental anomajaes of the coronary arteries 
Although little is taown coneeniiiig tho aeuelopment o£ the coro- 
■MchUte ‘L « - -nat. to Zt 

lakes Its appearance from tlie endothelial siirf-ioe nf tbn i i 

tiiroTtZrhaiher'rZ‘‘7,‘’^ 

too the aorta and putaonaVlteiy. LelL-llllnrtl 
ttua appears nearer the fonrtlnthX. ^ 



792 


THE AMEHICAN HEART JOURNAL 


left coronary artery is first formed, and somcMdiat later that for the 
rig’ht makes its appearance. Grant’'' has more recently reviewed the 
entire subject and states that “indications of the coronary arteries 
appear as thickenings of the aortic endothelinin m embryos (rabbits) 
of 10-11 mm. greatest length. Uere again, there is some variation. 
In this series an endothelial bnd eorre.si')onding to the left arteiy is 
seen in specimens of 10, 11, 11.5 mm. in length; in another specimen 
of 11 mm. no arterial bnd is to be found, bnt both i-ight and left 
bnds are present in a second 11.5 mm. embryo. Figure 7 shows the 
commencement of the right coronary in a 11.5 mm. embryo — the stage 



Pig. G. — After Konstantinowitscli, sliowing tlie origin of the right coronary artery 
from a rudimentary aorta (Ao). The origin of tlie left coronary from the pulmonary 
artery is not shown in the diagram. (Prag. med. tVchnschr. 1906.) 

at which the trnncns commnnis is being separated into aorta and 
piilmonaiy artery bj^ the growth of the endothelial cushions. The 
arterial rudiments are first solid columns of cells which later acquire 
a lumen and grow outward into the superficial iiortion of the myo- 
cardium. ’ ’ 

Congenital abnormalities of the coronary vessels may exist as iso- 
lated pathological curiosities of no clinical significance ; as such they 
usuallj^ remain entirel 3 ^ unsuspected until discovered in the course of 
■a post-mortem examination. True anomalies of the coronaries are not 
eommonlj’' associated with extensive developmental defects in the 
heart or great vessels other than transposition of the great trunks or 
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situs invumis of the heert. Oeeasionally the eo.-onaiy a.iou.aly >teell 
may be of eousiclerahle iinpoftanoe and its i-elalionsliip to eertain eases 
of 'congenital hypertrophy of the heart is of inte.'est. The observed 
cases of variation in the coronary vessels arc sufficiently inlrcqnenl 
and yet. important enough to Avarrant a brief revien' of tiie snbioct. 
They may he groiiped nnder two main headings; (a) Ahnormahties 
of origin; (b) Variations in number, size,, and distriliution. 

AhowrmaUties of OnV/Mi— The origin of one of the major coronary 
stems from the pulmonary artery \inassoeiatcd ndth other significant 
developmental defects is rare. We have enconniered reports of only 
8 cases in addition to the one we arc recording of this nnnsnal ar- 
rangement. It is obvious that because of the extensive co-existent 
vascular defects the cases recorded by ]Con.sta)iti)iowitse}i and Dreyfnss 
which are to he commented upon later do not properly belong in this 
small group. In 1911 AbrikosofT- reported tin' tirsi case in a five-and- 
one-half-months-old infant who died of i)nenmonia. Autopsy revealed 
well marked cardiac enlargement due in part to an aneurysmal dila- 
tation of the left ventricle. The right coronary arose in the usual 
place, but the left took origin from behind the left leaflet of Ihe ])nl- 
monary artery from an ostium that, was slighfly wider than normal. 
The vessel divided and had the usual distribution of an otherwise 
normal left coronary artery. The anterior wall of the left ventricle 
near the apex was eonpdetely replaced by a fransparent fibrous tis- 
sue membrane of only 0.5 mm. thickness in its central ]H)rtion and 
which extended over an area about 2 cm. in diameter. Small areas 
of calcification were present and the ve.ssels to this part showed a 
definite endarteritis, but, without o))literation of the Inmina, which 
was interpreted as being a process coincident, with, ratlier than a pos- 
sible cause of the myocardial degenera tioii. It was further note- 
worthy that the fibrous tissue i-eplaeement of tlie wall Avas maximal 
in the region supplied by the descending ramus wliere anastomotic 
connections with the right coronary artei'y are minimal. There were 
no other congenital defects present. The case of Heitzmann^'' (1916) 
M'as identical and occurred in a three-and-one-half-months-old female 
infant who died Avith cyanosis and .syncope. Here, again, the rif'-ht 
coronaiy was nonnal, but the left arose in the left sinus of Valsalva 
of the pulmonary artery. There were marked fibrosis and thinning of 
the wall of the left ventricle as Avell as of the anterior papillary mns- 
e es; the latter contained areas of calcification. A diffuse endocardial 
thickening of the .septum and marked aneurysmal dilatation of the 
left ventricle were pre.sent as well as enlargement of the heart as a 
Avhole. The author Avas impre.ssed by the striking similarity of tkis 

nnTflb "■»'> Mi.voeai.dial ibfarrtio,', 

. fibrous tissue replacement ro.sulti.ie. in anemysinal dilatation of 
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the and dependent upon preceding coronary sclerosis and occlu- 
sion. Kiyokawa’s patient^'^ lived four months. The clinical course 
was identical with ours in that for the first few Aveeks the child was 
entirely nonnal. Death occurred after several Aveeks during Avhich 
frequent attacks of dyspnea, cyanosis, and convulsions occurred. 
The heart Avas greatly enlai*ged, and the Avail of the left ventricle 
supplied by the anomalous left coronary Avas reduced to a thickness 
of 1 mm. The endocardium of the left ventricle .shoAved the usual 
marked hyperplasia. 

The remainirrg eases have not shoAvn .such marked degrees of myo- 
cardial fibrosis, but here again the degeneratrte changes have been 
of a similar rrature. The ease recorded by Scholte“ of a tAvo-and-one- 
half-morrths-old female who died of bronchopneumonia shoAved post mor- 
tem Avell marked cardiac enlargenrent. The right coronary ariery arose 
at its normal site, hut the left sprang from the left sinus of the pul- 
monary artery. There Avas marked fibrosis of the myocardium of tlie 
left A^errtrieular Avail, together Avith fatty degerreration of the muscle 
fibers, areas of necrosis and calcification, and a diffuse thickening of 
the endocardium of the left veirtriele. It is of interest that the most 
extensive changes here occurred rrearer the endothelial than the peri- 
cardial surfface of the ventricular AA'all, a situatiorr analogous in some 
respects to that ohserwed after coronary occlusion AAdrere the area of 
infarction is usually of greate.st extent near the endothelial sur-face 
and dependent, no doubt, upon the relatively scant vascular supply 
and anastomotic connections of this jrortion of the Avail. The patient 
of Carrington and Krumhhaar^' lived tAvelve months. The heart 
shoAved Avell marked hypertrophy and no gross difference in the ap- 
pearance of the tAvo A’^entricles. The left coroirarj* arose from the 
pulmonary ardery just ahoA^e the posterior cusp and nourished much 
less than half of the heart, a fact Avhieh perhaps accounted for the 
relatrte longeAuty of the case. In sections from the area supplied 
by the malposed vessel there Avas a distinct increase of interstitial 
fibrous tissue, rather diffuse and here again more marked near the 
endocardial section of the Avail. The parenchymatous degeneration 
(loss of striae and vacuolization) aa^s also most marked in the areas 
supplied by the anomalous arterjq the walls and lumen of which were 
normal. In discussing the etiology of the congenital hypertrophy in 
this case the authors felt that the role of the abnormal coronary and 
the myocardial fibrosis, though thought by them unimportant, must 
be considered as possible etiological factors. Stevenson’s instance 
(cited by Abbott)^® is similar and occurred in a three-months-old in- 
fant; the excessive hypertrophy and dilatation of the left chambers 
Avere extensive enough to produce atelectasis of the lung', hoarseness, 
and difficulty in passing a feeding tube. 
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In exceptional instances patients have attained adult age in spite 
of this apparently serions variation in the coronaiy vessels, an m 
striking contrast to the cases noted above is the picture presented by 
Abbott's remarkable patient, ^ a ivoman aged sixty-fonr years who 
died accidentally. Gross hypertrophy and extensive fibrosis of the 
myocardium were present. The riglit coronary arose m the usual 
place by a much dilated orifice and expanded directly into a Jmgc 
thick-walled loop the size of a crab apple which projected 2.5 cm. 
above the subepicardial fat. Descending branches as well as the mam 
trunk of the vessel were wide thick-walled tortuous channels. No 
coronaiy arose from the usual site of the left, but instead a large 
patulous opening lay in the floor of the dilated posterior sinus of 
Valsalva of the pulmonary artery and from this opening sprang a 
large thin-walled trunk of venous character which divided 1 cm. be- 
yond into two large branches wdiich follmved in general the course of 
the branches of a normal left coronaiy. The descending branch ex- 
panded into a large triangular shaped sinus 2 cm. in diameter at its 
widest portion. In the floor of this sinus ivcre several thiek-walled 
septa behind which large vessels opened into it from the myocardium, 
strongly suggesting that the course of the blood was toivard the pul- 
monary arteiy, a view also shared by Brooks-' who had previously 
encountered two cases in which an accessory coronary vessel arose 
from the pulmonari’- arteiy and meeting the branches from the two 
aortic coronaries produced a remarkable anastomosis of a circoid 
character. A case mentioned by Krause-^ is in some respects analo- 
gous; and more recently Ferizd® has recorded similar instances. In 


this particular accessoiy coronaiy group the extra vessel is relatively 
small and imohahly of no importance in the nourishment of the heart, 
since it seems likely that the direction of the blood flow in the anoma- 
lous vessel is toward the pulmonary arteiy. Finally, the eighth, case, 
that mentioned by Schley, is uniciiie in that it is tlie only instance 
where the malposed vessel originating fz’om the pulnionaiy arteiy 
was the right coronary; furthermore, there was no evidence of a 
reversal of flow and aneurj^sm formation or of myocardial fibrosis. 
The patient was a sixty-one-year-old laborer who died -with auricular 
fibrillation and congestive failure. At autopsy there was evidence of 
cardiovascular lues; insufficiency of the aortic leaflets, aortitis, and 
aneurysmal dilatation of the ascending aorta. The right coronary 
arose above the right valve of the pulmonary artery. The left eoro- 
S supplied a larger portion of 

thP> anastomoses between 

0 vessels. A careful histological examination of the wall of the 

« .enteolas .howeel no alterations anok as have teen n^ted il tte 
seven reeorcled cases, and there was no evidenee that the abnor- 



796 


I'HE AMERICAN HEART JOURNAL 


iiial coronary had either handicapped or shortened this man’s life 
even though poi'tions of the niyocardinm mnst have been nourished in 
part by insufficiently aerated blood. 

There appear to be two possible explanations to account for this 
intex’esting’ variation in the origin of one oi' other of the coronary 
arteries. The most likely backgi-ound for this anomaly, as has been 
pointed out by others, would seem to be a faulty aii’angement of the 
primitive endothelial buds before the division of the truneus arterio- 
sus has occurred, so that one or the other is misplaced to the por- 
tion of the common trunk destined to become the pulmonary artery. 
On the other hand, although the anlagen of the coronary vessels may 
be in their proper place, the position taken by the spiral septum may 
be at fault, the division taking- place too far to the rtglit, thereby in- 
cluding one of the eoronaiy buds in the pulmonary portion of the 
dividing trunk. Support is lent to this last hypothesis by the case of 
Konstantinowitsch whei‘e the division of the truneus arteriosus was 
obviously abnormal. 

Minor variations in origin of the coronary arteries, usually from a 
higher level in the aorta, are not infrequently encountered and when 
unassoeiated with other defects are unimportant. GiepeP“ records a 
case in which the right coronary arteiy arose from the ascending 
aorta 7 mm. above the cusp margins. HyrtP^ mentions an instance 
where the rtght artery arose near the origin of an abnormal artery 
thymiea 16 mm. above the right aortic sinus, and in Schrader’s ease'*- 
the right coronary arose 18 mm. above the cusp margins of an other- 
wise normal heart. More extensive so-called misplacements have been 
noted Avhere one or other coronary artery arises from the arch of the 
aorta, the innominate, or even from a carotid arteiy. Farre® in 1814 
described a cor biloculare in a male infant of seventy-nine hours fi*om 
whose ventricle arose a single arterial trunk which first gave off two 
large pulmonary branches and continued on to give origin to the 
innominate, the left carotid and the left subclavian arteries. It also 
sent downward a single artery to the heart wall Avhich appeared to 
be its only coronary supply. The continuation of the main arterial 
trunk had the usual appearance of the descending aorta. Forster’s 
case” is identical, and here again the abnormal vessel appeared to 
furnish the sole blood supply to the heart. In Jiirgen’s specimen," 
the description of which is brief and inadequate, a right coronary ar- 
teiy is said to have arisen from the arch of the aorta. Somewhat 
analogous is the patient of Owen-Clark,-'’'* the case of the cor trilocu- 
lare biatriatum of a two-and-one-half-day-old female infant, in whicli 
a single arterial trunk arising from the ventricle was entirely void of 
coronary connections at the normal sites, but gave off two pubuonaiu 
branches, a short innominate trunk from which the carotids and the 
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..igW suhchviKU took „ripn. as wail as a a, nail a,l,.,y wl,ial. .lasaanaa,! 
to the jiilci'spacc batwaaii the lai'lia arlarial InmU ami Ilia ngli a 
clc having Iha appaavanea oC a amlimant ol' li.a asaamling aorta a.Ml 
tarnishing the eoronavy arlarias. 'i’ita ease of Varno,,- ,s a.nnlar n, 
that tlic point of origin was Iroiii Ilia mnolnlnata. In Ilia iilsl.iliu 
laalitioncl liy Powar-Ilaiilii (eila.l liy |•aaallall•■'') Ilia aoroiiary ariaiy 
was cut across bnl apparonlly arose from tlif aorta or one of 
1, ranchos; whereas I'ilsehcl- and r^layer-^’ found the ori-iti of a rifrht 
eoronary artery from tlu' carotid artery, and in 'Pow s case'- a siii-le 
vessel from a pulmonary hranch of the common arterial trunk was 
distributed to the heart and api>eared t(» be its only source ol blood 
supply. 

Konstanlimnvit.seh-'-' appears to have been the first to susiiec.t the 
true nature of the majority, and perhaps alt, of the above cited cases. 


from Farre throutrh 'IVtw. td’ s(»-eall(Ml bifrh ori'^riu oj a coronary ar- 
tei*>'; and furthermore, because of the imi)orlaut evidence furnished 
by his remarkable case as related to a possible exidanation cited above 
of the abnormal oritriu (d‘ coronary vessels from the pnlmi>nary 
artery, the description and diajrram of his sjiecimmi is ■riven. A two- 
day-old female infant dyiu”: with the si'^ns of cyanosis and ecdlapse 
showed at aulops.v a eor hiloenlare with a rndimenlary aorta, eom- 
pletcly slenosed at its oritrin at the base of the ventri(d(>, Init jrivinir 
rise to the rijrht coronar.v artery, the blood 1(^ which jmssed down the 
patent stem of the rndimentar.v .-lorla from its eonneetion with the 
innominate (Fijr. (>). The left coronary artery arose from the lnr>re 
trimlc desifinated the pulmonary artery. The aiithoi’ believed that 
here the mis]daeed ori^rin of the left coronary was dejxmdeni upon 
the obviously abnormal division <d' the trtmens arteriosiis. I'birther- 


inore, attention Avas called to the fact that in the so-ealled “hi^di 
orijriu'’ of the coronary artery of those eases where the aorta appears 
as a rudimentary vessel a similar inter])retation may apply, so that 
instead of a true hifrh ori<>in the coronary actually arises at an ap- 
])roximately normal level from a rudimentary aseendin<>- aorta. This 
conception, .shared by kanchfu.s.s"*' and also by AhhotF who has re- 
corded a ease of atresia of the aseemlin^r .loHii with coronaries from 
the blind lower end, would indicate a sin<ik' diveetion in these eases 
otherwise difficult to ex]ilain on a reasonable embrv(do-.icaI basis- 
and would include fnvtber the cases recorded by Kussmal.-^ Tai-uffi"> 
and Sebrader'== (an additional case, not the one already referred to) 
Jn the last mentioned ease both coronaries were -iven olV from the 
nicimentaiy aorta as separate vessels, kecently Drovfnss- has de- 

ITn V" I'^on^^tontinowitscb 

oi a cor biventriculare triloculare in wbicli tliero was stenosis of the 
aorta. Hove, tl.c i„r,, coaoiiav, arton Z,," vl 

1 lie large pulmonary trunk. ' 
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Variation in Number, Size, or Distribution. — ^Less important anom- 
alies in the arrangement of the coronary vessels are chiefly those in- 
volving a variation in number or disti-ibution. Normally the coro- 
naries arise from the right and left sinuses of Valsalva above the 
corresponding semilunar valves of the aorta. Karely both arteries 
may arise from a single stem or from adjacent openings in the same 
siuus.^’ 43 Usually the primary branches from the single 

stem follow the customary course of the rtght and left arteries re- 
spectively, but in Plant's case^^^ as Avell as in that of Petren,=*® there 
was no vessel found which from its position or direction could be consid- 
ered a counterpart of the absent right coronary aidery, and in the in- 
stance mentioned by Engelmann® only a small rudimentary vessel 
arising from the single large left coronary had any resemblance to 
the right vessel, hut a large and entirely abnormal branch of the 
descending ramus coursed downward over the idght ventricle nearer 
the apex than the auricle and appeared to he the chief supply to the 
right side of the heart. An interesting- complication has been re- 
corded by Smith and Graher^^ of a t 5 'pical coronary thrombosis in a 
forty-six-year-old man who died of subsequent congestive failure. 
The blood supply to the entire heart was furnished by a single large 
artery which duz-ing its early eoui-se corresponded in location with 
that of the right coronary ai-tery. Later hi’anches ivere given off 
which resembled in a diminutive manner the descending and ciz-cum- 
flex bi’anches of the left coi'onaiy artery. The diffei-ence between the 
size of these vessels and that of the usual two main branches of the 
left coronary ai’terj’- was sti-iking. The blood supply to the left ven- 
tricle was thus apparently much less than in the normal subject, and 
it Avas difficult to undei-stand Iioav the blood supply in this instance 
permitted the individual to pei-foi-m the heav 3 =" physical woi-k to 
Avhich he Avas accustomed. 

More frequently the number of coronai-ies is inci-eased to three and 
veiy rarely to four.®- The accessoiy arteries 

are small and as a rule ai-ise a shoi-t distance from the origin of one of 
the main coronary stems and in genei-al ai-e disti-ibuted along a coui’se 
analogous to that of a branch of the main vessel, so that occasionally 
the circumflex branch of the left coronary arises as a sepai-ate vessel 
from the left sinus. In sevei-al cases ali-eady noted®’ -® the accessory 
vessel arose from the pulmonary ai-teiy. Krause in Henle's Handbooh 
of Anatomy^° mentions a compensatoiy widening of the distribution of 
one vessel associated Avith an unusual deci-ease in the size of the other. 
In the presence of complete atresia of the pulmonaiy oi'ifiee the coro- 
naries may dilate and send anastomotic branches contributing to the 
collateral circulation through the lungs. In the interesting case cited by 
Voss^® the patient reached the age of thirty-seven years in spite of a 
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compleielv clo.se(l piilmonmy artery. An adequate eollatenil ciicnla- 
tiou to tiie lunjr was maintained eldcny by fonr bronchial arteries 
arising from the descending aorta and anastomosing with brandies 
from both coronary arteries ndiieb pursued a iortnons conr.se to be 
distributed to the circulation tbrongb tlie lungs. A curious variation of 
tbe coronary circulation occurred in Grant. ’s case.-^' in wbicli blood filled 
spaces in tbe right ventricular muscle formed a nodule fi nun. in diam- 
eter and eommnnicated freely Avitb tbe cavity of tbe ventricle and 
ivitb tbe coronary arteries and veins. 'I'lie malformation Avas inter- 
preted by tbe aiitbor as representing a persistence and growth ot tbe 
iutertrabeeiilar spaces of the compact, myocardium which are normally 
reduced to capillaries. Ingleby s case mentioned by Abbolt.i is analo- 
gous. A unique case ivas encountered by llalpertd® as an incidental 
necropsy finding in a male adult and consisted of an arterioA’cnous 
comiiiunication betAvecn the right, coronary arteiy and tbe coronary 
sinus with aneurysmal dilatation of tbe parts iiiA'olved. 


COMMENT 


Tbe structural alterations occurring in tbe heart wall ol tbe small 
series of reported cases where one of the coronary arteries arises from 
tbe pulnionaiy artery are important and give rise, with the one ex- 
ception noted,'® to a characteristic pathological picture of well marked 
myocardial degeneration, in some cases even to tbe extent, of complete 
fibrous tissue replacement in tbe region .sup]ilied by tbe anomalous 
arteiy, iritb resulting aneurysmal dilatation of tbe ventricular wall. In 
addition to tbe greater or lesser local changes, there is well marked 
hypertrophy of tbe heart, as a Avbole Avbicb probably represents a com- 
pensatory mechanism. Death within the first year of life is tbe rule. 
One must assume, we believe, that these parenchymal changes are 


dependent in large part upon two factors: (1) tbe inadequate nourish- 
ment of tbe A’entricular Avail by venous Mood and (2) tbe relatiA'cly Ioav 
pre.ssure in tbe coronary arteiy arising from tbe pulmonary artery. It is 
of interest further to note tbe striking .similarit y of tbe A'arying degrees of 
degenerative changes encountered in this series of cases to those arising 
as a result of an inadequate blood supply secondary to coronary 
sclerosis and narroAving in adults Avbere one finds in the more ad- 
vanced cases complete ocelusion, myocardial infarction, and eventual 
fibrous tissue replacement of the Avail. It is evidently of some elinical im- 
portauee that in our ease, Aidiicb appears to have been tbe only one 
ni Avliicb an electrocardiographic study was made, tbe tracing showed 
le unmistakable sign udiicb we have come to associate with important 

1 wave m all three leads, together with the supportive evidence of 
low voltage of the QES completes. It is of interest that such was no^ 
the ease .n a recently reported instance ot uncomplicated 
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pathic congenital hypertrophy in an infant seA^en months old whose 
electroeardiogram was normal in all respects.'*-* 

In retrospect Avlien Ave consider the grossly abnormal and qualita- 
tiA’^ely inadequate blood supply of the left A'entricular Avail I’esulting in 
myocardial ischemia Avith subsequent degenerative changes, together 
Avith the electrocardiographic finding of a “coronary” type of T-AA^ave, 
it seems probable that in this infant the curious attacks of pax’oxysmal 
discomfort, precipitated by exertion and accompanied bj^ a profound 
reflex A^asomotor disturbance, Avere those of angina ixectoris. If this 
be true, it represents the earliest age at AAdiich this condition has been 
recorded. An explanation for the freedom from symptoms during 
the early Aveelcs of life remains obscure. The necropsy finding of 
slight patency of the aortic end of the ductus botalli sugge.sts the pos- 
sibility that it may not liaA’o become occluded until seA'eral Aveeks after 
birth, thereby permitting the admixture of arterial Avith A'enous blood 
in the pulmonary artery, but of this Ave have no proof. 

It is suggested that in future cases of uncomplicated and unexplained 
cardiac enlargement in infancy the finding of a similar electrocardio- 
graphic picture in the absence of abnormal axis deA'iation or toxemia 
may indicate an inadequate and anomalous coronary supply to the 
heart. 

SUJOrARY 

All instance is recorded, in a male infant dying at the age of three 
months, of an abnormal origin of the left coronary artery from the 
pulmonary artery, associated Avith marked enlargement of the heart 
(due to hjqiertrophy and dilatation of the left ventricle), together 
Avith exteusWe degeneratiA'e changes in the ventricular Avail supplied 
by the malposed vessel. In aucav of these findings, it is probable that 
the paroxysmal attacks of acute discomfort precipitated by exertion 
and associated Avith profound Amsomotor collapse occurring in this in- 
fant Avere those of angina pectons. The electrocardiographic picture 
in our case Avas similar to that seen in adults Avith important coronary 
disease. In the feAv recorded cases (8 in number in addition to our 
OAAm) of this rare anomaly a characteristic jiathological picture has 
resulted. Death AAdthin the first year has been the rule. Tavo of the 
cases have been exceptional. 

A revieAV of congenital variations in the coronary vessels and a dis- 
cussion of their embryological background are included. A bibliog- 
raphy is appended. 
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ANOMALOUS ORIGIN OP THE LEFT CIRCUMFLEX 
CORONARY ARTERT^M t 

William Antopol, M.D., and M. A. Kugel, M.D. 

New York, N. Y. 

increasing- interest in and Icnowledg-e of the clinical and 
VV pathological picture of coronaiy arteiy disease, anatomical 
studies of the normal distribution and variations of the blood vessels 
of the.heart are assuming greater significance than heretofore. 

Variations in the coronary arteries may be considerable in reference 
to their origin, course, distribution and anastomoses. Anomalies of 
the coronarj'' arteries may at times have clinical importance, as illus- 
trated in the eases desei-ibed b 3 ’- Abrikossoff,^ Carrington and Knimb- 
haar^ and Seholte® in which one of the two coronary arteries arose 
from the pulmonarj^ artery. Death occurred in the early months of 
life due to mjmeardial failure associated with myocardial degenei’ation 
of that portion of the heart (left ventricle) supplied bj^ the anomalous 
vessel. 


NORMAL DISTRIBUTION OP THE MAIN CORONARY ARTERIES 

A short resume of the usual origin and distribution of the main 
coronarj'- vessels will aid in the understanding of the anomalj'' to be 
described. The average normal human heart is supplied by two coro- 
nary arteries. The left coronaiy artery arises from the left sinus 
pocket of the aorta and divides about a half centimeter from its origin 
into two branches, an antertor descending and a circumflex branch. 
The right coronaiy artery arises from the right sinus pocket of the 
aorta and emerges between the roots of the pulmonaiy arteiy and 
aorta, pursuing its course to the right along the auriculoventricular 
sulcus up to and usualty bejmnd the cnix§ of the heart posteriorly. 
The terminal branches of the right coronary artery supplj’" the poste- 
rior part of the right ventricle and part of the posterior portion of 
the left ventricle. (Pig. 1.) 

ANOMALOUS CORONARY ARTERY 

In the cases presented in this report, the right coronary artery and 
the left anterior descending branch of the left coronaiy artery of the 

*Prom the Laboratories! of the Mount Sinai Hospital, New York City. 

f Presented before the New York Pathologrical Society, Dec. 23, 1929. 

tAided by a grant from the Lucius N. Littauer fund. 

§Cru.':: That situation of the heart posteriorly where tlie auricles and ventricles 
mek. (Gross.<) 
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licarl. liavc llioir noniuil orifriu, t-oni'.se aiul distribul.ioii. The Icit 
coronary arlcry, litnvover, does noi <rive rise 1«) the eireninnex branch. 

In llircc oi: tlie four cases studied, the left eircundlex coronary iirtery 
takes its oriirin directly from tin* Jiorta in the J'itrhl, sinus iioeket, just 
posterior to the mouth of tlie riirht. eoroiniry artery, Jind in one ease from 
the main right coronary artery. Tlie vessel eijuals in (s'tliber tliat ot 
the main coronary arteries. It proceeds baelcward and to the lell for 
a short distance, betweiui the root of the .aorta Jind the right anrie.ular 



I’lS. 1. 




jppciulage, just above llie inlervoitricubu- seiitllin, liuggi.i- elosclv 

aee m Ihe aor,ci,lovc,ilrioi,l„r sulcK of II, c loft side „„,1 t. T 

of its course oeennin« i i ^ ^*ost 

«uise occupies tlie bed normallv lidd bv t].,. ,• 

oorouary artery. (Pig.s. 2. 3 and 4 .) ’ fJ'o left e.ireumflex 
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ANASTOMOSES UETWEEN THE ANOiJALOUS VESSEIj AND THE OTHER 

CORONARY ARTERIES 

The aiiomaloii.s ve.ssel a]iastoino,ses with the otlier coronary arteries 
in four clift'erent areas. (Fig. 3.) 

A. Tlie arteiy gives rise to descending branches supplying the an- 
terior and lateral third of the left ventricle. Some of these branches 
anastomose with the branches of the left anterior descending coronary 
artery. (iVrea T, Pig. 3.) 



Eig-. 3. — Seinidiagrammatic sketch of retouched roentg'enograni of injected heart 
(anterior view) showing- the origin, course, distribution and areas of anastomoses ot 
the anomalous left circumflex coronary artery. (Shaded black) A.C.A.. anomalous 
left circumflex coronary artery ; L.A., left auricle : L.A.D., left anterior descending 
branch ; L,.V., left venti-icle ; R.A., right auricle : R.C.A., right coronary artery : R-p-y- 
and R.P.D., posterior ventricular brandies of the right coronary artery ; R.V., right 
ventricle. Numerals I, II, III, and IV indicate areas of anastomoses. 


B. In its course along the auriculoventriciilar sulcus posteriorlj', it 
also gives off branches which anastomose with the posterior descend- 
ing branches of the right coronary arteiy. (Area IV, Pig. 3.) 

C. It gives off a branch near its origin which circles to the left and 
upward in the substance of the left auricle passing over its dome to 
reach its posterior Avail AA’here near the crux of the heart it anastomoses 
by its smaller branehes Avitli the branches of the posterior portion of 
the right coronary arteiy. (Area II, Pig. 3.) 




AXTOI'dh ANl' Kl’tiKl.: 


f(>U<»NAUY AUTKKY 


s(>r> 


„„ „uu...i„r .v.,n 

- 

'inXoly'Jill, II, .■ .,f Hu' nvl.vy II,.- s,„o.,„n m 

mulo. (Aren UK ">•) 



FI(T. I. — Kiu’nlm’niiuniiM <ii cni' of Jfiji-rii ,i t Ji' iir thi- I'rifi". liu: 

t)ie oricln of tin* imoiimlmi.i lifl (•lrcmiirt*',\ «-ciioiiiivy nM’iy (A.t’.A.). frurii tin- riciit 
coronary ii It cry fli.C.A.). loA.I'.. left !int< Mor ilc. ccinilrisr liuiiicli; l,( .1'.. i«>«t<rlot 
vonlriculiir br/inclicy of ttir- left clrcninilcx cororiary artery : K.C.I*. an,! It.lMY. 
poplcriov vftuirlcular luaiiclic't of the rlKtit coronary artery; U.A.l'.. anti-ilor ih'i-enit- 
inp hnincli of tlic riplil coronary artery. 


DISCfSSIO.N A.S’Ii Sf.M.MAUY 


Four ln’jirts liiivo lun-ii stwiliotl in whifli llion* wns tttt tiiK'tttaimis 
crioiii ainl rotirst* of Iho U'l’t rirtMiiunt'X tM»rt>H!\ry nrtfry. In I'.'irh lit'tirl 
the left {inleiicir (Itysn'iulinir hrjmeh atid tin* rie:ht enrtmtiry sirteries 
liad their ii()r)i]}il tirioin jiiitl (list ribtilitiii. In tlirt'e liejirts the h'ft eir- 
inunflex enroiuiry jirtery tiroso direotly I'rtnit the rltrht siutts of Vjil- 
^ifilva, innnediiitely jjosterior to the orifrin of tin* ri^ht eoroiniry art (*ry. 
It the)) piir.siied its course jjo.steriorly to the root of the iotrtn lunl 
tinally eiiierj>ed {luteriorly helweeu the root of the ;torl!! jtjtd the left 
aui-icular api)emla<fe around the iuar<io ohtusus in tl\e atjrietilovt'utrie- 
ular suUuis. 


In the fourth ettse the left eireuuidex eorottary iirtery swose as a 
hrauch ot tlie vifihl. coi-ouaiy artery one cettliuieter IVoiu its ostium. It 
then maintained a course similar to that de.serihed for the left eireum- 
tlex coronary ai-tery in the other lhi*ee eases. A point of elinieal in- 
terest m one of these eases is the faet that the left eii’emntlex eoroiiarv 
itnery ^Yas ifovmai and patent th)-onfrhoni , whei-ejis the )*i<rht eoronnr'y 
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arteiy and the left anterioi* descending branch presented numerous 
occlusions (Fig. 2). The clinical history of this fifty-one-year-old man 
showed ample evidence of repeated attacks of coronaiy occlusion in 
the last three years of his life. It seems possible that the independent 
origin and distribution of the left circumflex coronary artery in this 
case may have served for a time as a compensating source of nutrition 
to the mjmeardium tlirough its anastomoses. 

We are hidebtecl to Dr. Louis Gross for the aid lie iias given in tliese studies. 
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PEBMATUBB beats PBODTJCED by the MECHANIOAIi 
STBIULATION OF THE EXPOSED 
HUjMAN HEART^= 


Joseph B. Yandek Yeer, M.D. 
Philadelphia, Pa. 


'^HE observations of Barker, Maclcod and Alexander on the ex- 
A posed hnman heart, with the analysis of the obtained data, have 
opened a vide field of controversy relative to the correct terminology 
to be used in describing' premature beats and bundle-branch block. By 
electrical stimulation of various points on the ventricular musculatuie 
they produced premature beats which were recorded simultaneously 
on the tluee usual leads. They found in general, that stimulation of 
the right ventricle produced premature beats nith a. major deflection of 
the QRS complex upward in Lead I and downward in Lead III, while 
stimulation of the left ventricle yielded complexes with a major de- 


flection downward in Lead I and upward in Lead HI. These obseiwa- 
tions were not in accord with the eurrent licliefs Avhich had been largely 
based on animal experimentation. They suggested that the terminology 
of premature beats be revised (reversed) to conform 1o the new find- 
ings. They also concluded that elcclrocardiograms which liad been 
preAuously thought to represent a. block of the left bundle branch, Avero 
in reality records of right bundle-branch, block and vice versa. Since 
their original obseiwations, very little OAddenee has been added to prove 
or disprove their findings and theories. 

Ma.iwin and Oughterson^^ have recorded premature beats produced 
by electrical stimulation of the heart tlumigh a Avound made for drain- 
ing a pyopericardium. The points of stimulation on the right and left 
ventricles Avere later checked by post-mortem examination. Their find- 


ings confirmed those of the Ann Ai*bor iiwestigators. 

In a pericardiotomy^ mechanical stimulation of the right ventricle 
produced premature beats Avith a. major deflection upAAurd in Lead I 
and doAviiAvard in Lead III. 

In a recent article' a case Avas presented in Avhich an aneurysm of 
the sinus of Yalsalva had nearly completely severed the left main 
branch of the bundle of His. There Avas also microscopic evidence of 
severe disease of the bundle above its bifurcation. The electrocardio- 
gram shoAved an A-Y heart-block and a right bundle-branch block (new 
terminology). The case Avas presented as supportive evidence for the 
onginal teiminology of bundle-branch block. A critical analysis of 
le record presented, however, seems to show the tracing as that of a 
co^te A-Y heart-block AAuth a coincident anricular rate nearly ex- 

Hospita'l” AV. Stroiid, Jr., r'ellow.ship in Carrliology of the Pennsylvania 
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actly twice that, of the ventricles, rather than a two-to-one A-Y hcait- 
block as was the interpretation given/' If this be correct, the ease has 
no bearing on the bnndle-branch-bloek proldeni, and the conclusions of 
the author arc not justified. 

The wide exposure necessaiy for the removal of an adherent peri- 
cardium in a. case of Pick’s syndrome afforded an excellent opportunity 
for recording ])rematuro beats from Imomi areas of the human heari. 

CASE AXn ^METHOD 

All AniLM-iciiu boy, J. W., eleven year.s of age, was aclniittecl to the ^tedical 
Service of Dr. Thomas j\reCj'ae for the fourth time in two years, on A'ov. 2, ,1932. 
He liad been troubled with recurring ascites for nearly four years, which had 
become so severe in the past few months as to necessitate removal by paracentesis 
every two or three weeks. There was no jiast history or family history of rheu- 



Fig. 1. — ElectrocarcUosram taken at operation. Leads I and III were taken in suc- 
cession. Lead II was taken a few minutes inter but is added to complete the record. 
The premature beats sliown in Leads I and III were produced by direct meclianical 
stimulation of the anterior surface of the right ventricle. Time of stimulation marked 
“X”. The main deflection of the QRS complexes of the premature beats is upward 
in Lead I and downward in Lead III, conforming to the new terminology. 

iiiatic fever or tuberculosis. Examination at this time showed an underdeveloped, 
poorly nourished boy. The venous distention of the neck and arms was striking. 
The heart was questionably enlarged to 2 ’bysical examination and showed no mur- 
murs. The blood pressure ivas systolic 90 inm. and diastolic 72 mm. There was 
no 2 >ulmonary congestion or pleural fluid. There was marked ascites with an 
umbilical and right scrotal hernia. The liver edge was felt o cm. below the right 
costal margin in the midclavieular line and was rounded, smootli and not tender. 
Tlie spleen was not jialpable. Slight pitting edema of the feet and legs vas iires- 
ent on admission. The venous pressure was 23 cm. of water (direct and indiiect 
methods), measured at the autecubital fossa. 

An x-ray studj' of the chest showed the heart shadow to be slightly enlarged 
to the right and left with stereoscopic and. fluoroscopic findings suggesting an 
adherent pericardium. 

*This opinion is belli by several in addition to tlie autlioi'. 
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The elcetvociuaiof-nuu <.u Nov. lO:!:’, showeil a normal sinn.. rliytlim w.tl. 7.0 
■ixis deviation. The P-K interval was O.IS se(;o7ul.'<. QHS <.‘mnj7le.v rlinaod 

'slurring and very low voltage in all leads, T-wave.s were iso-eleelrn; in J.ead J. 
flattened and diphasic in Lend II and inverted in Lead Til. 

A diagnosis of Pick's syndrome (conerelio fiericardii) was made, and as tin: 
clinical course was downhill, exploratory ojieration was advised. On Nov. IT, 
1P32, Pr. .Tohn B. Flick exposed the heart hy removing the third, fourth, fifth, 
sixth and seventh left costal cartilages with a portion of the sternum. The heart 
was found to be ajiproximatedy normal in .size and its position in the eliest was 
normal. There wa.s an adherent jjerieardiiim jiresent with si'veral calcareon.s 
plaques, especially in the cjiicardium of the auricles. During fhe freiung and 
removal of the pericardium, it was noted the i>iemature bcat.s were easily elicited 


hy manipulation or touching the heart with any iusfruuumt. Fleet romirdiograms 
wore taken at intervals during the operation and showed premature benl.s from 
various foci. At the close a sejnirate record was taken while stimulating a definite 
area of the heart nnisculature. 

A portable electrocardiograph was used adjacent to the ojierating table and the 
time of stiimilation rioted verbally, the jiremature beats being observed by the 
surgeon and on the galvanometm' string .shadow. Leads I and 111 were talcen in 
succession. Owing to the long duration of the ojieralion and fhe eonditioii of the 
patient, time permitted only fhe recording of prehiatnrc beats from one area of 
the heart. The middle portion of the anterior surface of the right ventricle was 
chosen because of its accessibility and accuracy of localization. 'J’liis corresponded 
to tlie area of points (i and 7 in Barker, jraclcod and Alexander’.'; ease. .Several 
premature beats were recorded in Lead I by touching the heart wifii a foreeiis. 
The irritability of the muscle was .such that they were easily \iroduced, two or 
three premature heats in siiccos.siou being recorded at times. Only one stimulation 
of the heart was done 011 Imad JIT, two successive juematuve beats being ])ro. 
duced as is shown. The records of Leads 1. and III taken dnring the stimulation 
are presented. Lead II, taken a few rnimites later, is included to make the electro- 
cardiogram complete. The uudulatoiy base lino in Lead 1 was present only while 
the chest was open and is luobably of re.spirntory origin. 


COXCId}J>IOX.S 

TJie iulei’iiretaticm of the elect vocnvtliogra 111 jnilrli.slied iir ;i peceiit 
article is que.stionecl i\s are the corielu.sions di’awni from the case.' 

A case is reported in 'wJiieli meelianienl .stimuUdion of tlie anterior 
surface of tlic rigjit ventricle of the exposed Innnan liearl, produced 
premature beats nutli a. major delleclion of tire QKS comirlex upward 
111 Lead 1 and downward in Lead 111. 

Further evideuee is added in support, of the correctness of the now 

ei-mmology for premature boats and bundle-branch bloclc, .sin.'n'sted 
V Barker, Maclcod and Alexander. •‘^u^.c.stccl 
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THE EELATIONSHIP OP ANGINA PECTOEIS TO AOETIC 

YALVULAE DISEASE*' 


Louis B. LjVplace, M.D.t 
Ppiiladelphia, Pa. 

ANGINA pectoris is not uncommonly associated with disease of the 
aortic valves. In the majority of such cases, the relationship is 
a causal one. The specific pathogenesis is nsnally an obstraetion of 
the coronary ostia by luetic or sclerotic stenosis or by endocarditic 
r'egetations. 

Certain eases, however, such as those described bj’’ White and Sludd,^ 
may show no apparent ob.struction of the coronary circulation. These 
have been explained as being due to the low diastolic pressure of aortic 
regairgitation, in the presence of which the coronary per-fusion pressure 
is irrsuffieieirt to maintain aar adequate blood supply to the mj’-ocardium. 
Uirder the circumstarrees, the occurTerree of angina would be favored 
arrd irr cerlairr instarrees might deperrd entirely upon this factor. Eecerrt 
textbooks-’ ^ ha\-e therefore included a low diastolic level among the 
causes of airgina pectoris in cases of aoii;ic insufficiency. 

The experimental basis for this view is found principally in the 
work of irrvestigators who believe that the cororrary blood flow is de- 
teranirred largely by the aortic perfusion pressure. Smith, IMiller and 
Graber^ state that coronary flow depends chiefly upon the height of 
the diastolic pressure. Anrep and his coworkers®’ ® found in the heart- 
lurrg preparatiorr orr dogs, that the mearr arterial pressure was the most 
important value in the mairrtenance of an adequate cororrary circula- 
tion. Both groups agree tliat the myocardial blood flow is significantly 
dimirrished by a lowering of the diastolic level as in aortic insufficiency. 

Arrrep, Davis arrd Yolhard^ have further maiirtairred that cardiac 
systole irrhibits the coronary blood flow and that the principal flow 
through the myocardium occurs durtrrg diastolic relaxation. An actual 
backflow of blood drutirg systolic coirtractiorr rvas demonstrated on the 
isolated pertused heart by Eossler arrd Paseual.® It is therefore con- 
cluded that tire arterial pressure during systole is not directly effective 
irr the perffusion of the coronary vessels and that the myocardial circula- 
tion is diminished by factors such as arr increase irr pulse rate, which 
terrd to shorterr the duratiorr of diastole. If these views be true, it is 
evident that the low diastolic pressure of aorffie regurgitation must be 

*From the Medizinische Universitatsidinik, Lieipzig', Germany. 

fFellow in Medicine, iSTational Research Council. 
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an aggravating factor in the incidence of angina and may, 

per se, sometimes be sufficient cause for its ocenrrenee. 

Hochrein and Keller,® however, have recently contested this view. 
Using more sensitive metiiods and working on intact dogs Vtith noimal 
respiration and vhth the coronaiy vessels nnopened, they found that 
the coronaiy blood flow is maximal, not in diastole but. in systole. In 
experimental aortic regurgitation, the height of the diastolic pressure 
Avas without influence upon the coronary circulation. Support for the 
validity of these conclusions is found in the work of Keller, Loeser and 
Kciid® who have showm that the blood flow through tetanically eon- 
tracting muscle is increased. It, has also been demonstrated by the in- 
jection studies of Sjialtehol'/ and Hochrein” that the myocardial capil- 
laiies arc not compressed during muscnlar contraction and that cardiac 
systole should therefore in no way olistruct, the coronary circulation. 
Finally, Eeiid® has showni on dogs witii an intact, circulation, that in 
the presence of a. constant venous inflow, the coronary flow increases 
with an increase in the pulse rate, independently of the height of the 
aortic blood pressure. 

It is beyond the scope of this paper to rccajiitnlatc tlic evidence of- 
fered in support of tliose couteudiug observations, the validity of which 
must depend upon, the accuracy of the methods em}floycd. It Avas felt, 
hoAA’eA'cr, that a clinical study of a grou]) of ea.sos Avith aortic valuilar 
disease might give some indication as to tiic imjAortance of a low di- 
a.stolic pressure in tlic incidence of angina pectoris and from this as- 
pect suggest to AA'liat extent, the diastolic prc.ssurc ijifluences the coro- 
nary blood floAv, If angina should he found to occur Avith greater fre- 
quency among subjects Avith low diastolic pressures than among sub- 
jects AAit,h a similar type of lesion but in Avhoin the ])lood pressure 
level in dia.stole is higher, it may be concluded that aortic rcgiu’gita- 
tion, per se, is a eont.rilmtoiy factor to the production of angina pec- 
toris and that the height of the diastolic pressure sigirificautly iufluences 
the coronaiy blood floAA^ If no such proportionate relationship ap- 
pears, hoAvever, it Avould seem that neither angina iiecloris nor a.n 
msuffieieney of the myocardial circulation can he" explained on a. basis 
of aortic regurgitation. 

METHOD 

The present investigation involves an examination of the ease rec- 
or s 0 all patients Avith aortic valAudar disease admitted to the Med- 

™ yrr' St Jacob, Leipzig, teiag the past 

« Particularly to the incidence of 

preZ.e“ “ ^-“ie 

For the pmposes of tins study it was essential to include a „rouii 
cases covering a mde range of diastolic pressures. In many sub- 
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jeets, therefore, the diastolic level will be found to he well within the 
normal limits. All patients, however, exhibited definite lesions of the 
aortic valves. The diagnosis was made on a basis of a characteristic 
s^^stolic or dia-stolie murmur at the aortic area, supplemented in the 
ma.jortty of cases by rocntgenographic examination and confirmed in 
those cases on which autopsy was ])erfoiTncd. The group was divided 
etiologically into eases of luetic aud nonluctic origin. Only those cases 
having a positive Wassermann reaction were classified as luetic.*' The 
uouluetic grouj) iucluded patients in whom the aortic valvular disease 
was due to arteriosclerosis or to endoeai'ditis of rheumatic or bacterial 
ongin. 


Great care was necessary in the .selection of blood pressure readings 
which i-ei)i-esented an average mean of the variations recorded in in- 
dividual eases in the course of ol)servatiou. These variations in some 
subjects amounted to 30 mm. Hg in the diastolic pressure. In order 
that blood ])rcssure readings should be eom])arable, determinations have 
been used, in the majority of eases, which were made in the Heart 
Station. These readings were taken under uniform conditions, usually 
within a. few days of admission, with the patient reclining on a couch 
after a ten-minute re.st pertod. Under the circumstances, patients in 
whom the diastolic pressure is within normal limits represent cases of 
aortic valvular disease which tend to have a relatively small amount of 
regurgitation (the actual index of regurgitation being, of couise, de- 
pendent upon other factors such as the character of the pulse, the pulse 
pressure and the rate). They are included in the senes for comparison 
with subjects having a similar jjathological condition but a greater de- 
gree of aortic insufficiency and lower diastolic pressure levels. 

An unquestionable diagnosis of angina pectoris was frequently dif- 
ficult in a group of patients in whom subjective symptoms are so mani- 
fest. (Inly 16 per cent of the patients in the group were entirely free 
of cardiac sensations. The remainder complained of varying degrees 
of palpitation, i^recordial pain and indefinite sensations of cai’diac dis- 
tress. In many cases, angina jiectoris was strikingly simulated. A 
diagno.sis of angina was excluded, however, in all cases in which it 
could not be made with reasonable certainty. Only those patients were 
said to have angina who described the pain as having a. steadjq boring 
character, located over the upper part of the stenium or in the region 
of the left nipple. Extension of the pain to the left arm was not con- 
stant. It was associated with the characteristic feeling of intense anxi- 
ety in approximately one-third of the cases. 


*It was recognized that some patients with consistently negative Wassermann re 
actions may have lues. All questionable cases however, have I’een excluded from 
luetic group because of the uncertainty of diagnosis and the necessitj of satist c 
torily explaining the pathogenesis of angina. 
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results 

Eiioloqu and Age.—Seycniy-Uyo patients with aorl.ic valvular dis- 
ease have been included in tlic series. Certain facts rcg-aiTbng etiolog> 
nnd ago axe of interest. Of Hie total group, 41 cases or ui per cent 
were due to lues. The incidence of lues is somewhat higher than that 
Imported by other writers- probably because of the relatively kess com- 
mon occurrence of rhoumatie infection in the locality from which these 
patients wure drawn.- Fig. 1 shows graphically tlic total percentage 
of subjects in each decade of life compared with the total percentage oi 
subjects in each group in which the etiology was luetic. Bel ore thirty 
years of age, only T per cent of the iiatients were luetic. AVith each 
decade the incidence of lues increa.ses until in the group over seventy 



Toto-L maber 

of coaoo: 14 (19,'a 4 7 (10.4) r.i TO irc.-) r. (r;-r.) 


C&geo of 

luetic orlcln; 1 (7;i) A 150;') 5 (7irO 10 12 ( COrO 2 (10^'.) 

Crocs with 

onclna pectorlo: 2 (14:'.) 1 (2&.M 3 (43.i) 0 (32.*.) 3 {25;0 o 

Fig-. 1, Total nuniper of cases, incidence of Inolic infection and incidence of angina 

pectoris in each decade of life. 


years, no cases of nonluetic origin are found. Tliis velatioiishi]) is de- 
pendent upon the fact that luetic iiifcelion and the development of its 
cardiovascular manifestations occur at a relatively later iieriod of life 
than in the case of ihcumatic and bacterial types of endocarditis. A 
further infcreiiee from these figure.s may be drawm as to a relatively 
better prognosis of longevity in the presence of a luetic etiology. As 
compared wdth cases of rheumatic and bacterial endocarditis, this may, 
how'OYcr, be more apparent than real, since the duration of life fol- 
lowing the onset of valvulitis may be actually longer in nonluct.ic cases, 
a though the average age of death in cardiovascular syphilis may he 
considerably later. The fact that no patients in -the 'arteriosclerotic 
gioup wore over seventy years old may possilily be duo to the small 
imbcr of patients m this group. On the other hand, it might bo in- 
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terpretcd as indicating that when the sclerotic pi’occss is sufficiently 
severe to cause sncli extensive involvement of the aortic valves, a con- 
comitant sclerosis of the coronary vessels leads to a relatively early deatli. 
To what extent such factors are responsible can only be sunnised. It 
can be stated with certainty only that in this scries of cases, the pa- 
tients with luetic valvulitis averaged a longer duration of life than 
did those of nonluetic origin. 

Angina. Pectoris . — The percentage incidence of angina pectoris is also 
charted in Fig. 1. This syndrome Avas present in tAvo of the fourteen 
patients under thirty years of age. Both cases Avere of rheumatic 
origin. Angina is uncommon before middle life, but in young people 
it is almost ahvays associated Avith aortic insufficiency.^ The maximum 
incidence of angina pectoris in this series occun-ed in the fourth and 
fifth decades, thereafter declining rapidly. No cases occurred in the 
group over seventy years old. Since angina, associated AAuth aortic 
valvular disease usually results from obstruction of the coronary ostia, 
thus involving an interference Avith the blood supply to a relatively 
largo area of the myocardium, its appearance, under the circumstances, 
may be assumed to be a particularly bad prognostic sign. 

Congestive Failure. — Angina pectoris usually disappears Avith the 
onset of congestive failure. It Avas important, therefore, for the valid- 
ity of any conclusions as to the relationship of the incidence of an- 
gina to the height of the diastolic pressure to determine to AAffiat extent 
this phenomenon is increased in the presence of Ioav diastolic levels. 
It Avas found impractical 1o estimate the degree of failure for each in- 
dividual case of this series. The patients AAnre therefore grouped on 
a basis of Avhether or not any evidence of congestion Avas present, simple 
enlargement of the liver being considered the earliest sigm. As might 
be anticipated, the highest percentage of circulatory failure occurred 
in the group Avith the loAVcst diastolic pressures. Eight pa.tients, or 
66.6 per cent, of the group Avith diastolic pressures beloAv 40 mm. Hg 
shoAved evidence of congestion. BetAA-een 40 and 79 mm. Hg, 19 pa- 
tients, or 60.4 per cent, had congestion; AA’hile above SO mm. Hg, con- 
gestion Avas present in 5 patients, or 41.6 per cent. The incidence of 
this phenomenon is therefore least mai’ked among the subjects AAotli 
normal diastolic pressures. On the other hand, it is significant that 
betAveen the group AAOth moderately Ioav diastolic levels and the group 
in which the pressure in diastole AA^as beloAv 40 mm. Hg, only a negligible 
difference of approximately 6 per cent in the incidence of circulatory 
failure Avas apparent. The level of the diastolic pressure does not there- 
fore seem to be an important ca.usc of cireulatoiy congestion. A factor, 
evidently of much greater importance, is the degree of the associated 
damage to the mjmeardium. The fact that tliis may be to some extent 
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propovlio.al to the degree oC valvular danu.,,e uu.y exj)huu Ihe slighl 
increase in the incidence of congestion in Ihe ])resence ol inavk(.d h- 

“"SllSl'c Swioms.-M previously remarked, subjective manifesta- 
lions arc particularly consinc-uous in the symptomatology oj aortic in- 
snfficienev and seem to depend, in part at. least, upon the high pulse 
pressure incident to regurgitation and to the increased velocity of 
svstolic ejection. The physical activity of the patient, is uinpiestion- 
ably limited in projiortion to the severity of these symptoms. Limita- 
tion of physical activity has been suggested as an explanation of the 
disappearance of angina pectoris n-ith the onset of congestive failure. 
The same might be said of .severe subjective .symptoms. The relating 
incidence of these mauife.station.s has therefore been determined in the. 
present series. Subjects vith aortic valvular disease eomjilaiu usually 
of severe palpitation and ill-dctined sensations ol cardiac disliess. 5 it 
cordial pain is often ])rc,scnt and differs from the iiaiii ol angina pee- 
loris chiefly in its location and in its intermittent, .stabbing, rather than 
steady, boring character. Snell manifestations, in varying degrees ot 
severity, vere present in 82 jicr cent of the total gvoii]). They oeeiirri'd 
ill 10 subjects, or S3.4 iicr cent, of the patients with diastolic levels be- 
loiv 40 mm. Hg, 40 subjects, or 83.4 jier cent, of the groiiji with di- 
astolic pressures bclwceii 40 ami 79 mm. 11 g and in 9 .subject. s, or 75 
per cent of the group with diastolic lu'c.ssures of SO mm. Hg or abovif. 
Thus it is apparent that although pal])i1a1ion and preeordiai distre.ss 
are .some what less marked among subjects with uonnal diastolic pn-s- 
surcs, the diffcroiico i.s really negligible and does not appear to in- 
crease in proportion to a. lowering of the arterial pressure in diastole. 

IhlationsMp of Aiujinu Pectoris to the Duislolic Prrssior . — Of the 72 
eases of aortic valvular disease included in this series, It) subject. s, or 
26.4 per cent, had angina pectoris. The syndrome varied in tyiie and 
severity between individuals. In some ease.s it ap])eared as a relatively 
mild angina of effort, in others it occurred in severe spontaneous at- 
tacks, In all eases, however, the .symptoms were eharaet eristic. Fig. 2 
pie.sents the ca.se.s divided into three groups according to the height of 
the diastolic pressure. The total ])creeutage of ])atiouts in each grou]) 
is compared graphically with the percentage of patients in that. gvou)i 
having angina. Prom this it will be seen that of tlic subjects with di- 
astolic pressures below 40 mm. Hg there were 2 cases, or 16.7 per cent, 
of the group with a. diagaiosis of angina pectoris, between 40 and 79 
mm. Hg, 16 caso.s, or 33.3 per cent, and above 80 mm. Hg, one case or 

ano-iir ""T’ • ^midenej of 

increase in proportion to a diminution in the 
a a-stohe pressm-e level. Angma is soroewhnt less freqpont in lUe su , 
.1« vnft the highest dinstolie p,Ts.s«m than amon . ,I „,e v I. d ’ 
-tohe levels helotv 40 ™n. Hg. The gvoatest ineideno; is wi. It 
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ever, not at the lowest diastolic levels, as should he tlie ease were low 
diastolic prcssiu’cs influeutial in llic production of angina, but in the 
intewnocliate group witli diastolic levels between 40 and SO inin. Hg. 
The presence of a marked degree of aortic regurgitation usually in- 
dicates a more extensive pathological condition than is likely to he 
found in eases in which less sigiii/icant insuf/icioney of the valve oc- 
curs. It is ca.sy to undenstand, therefore, why the percentage of an- 
gina pectoris is higher among eases in which aortic regiirgitation is 
prc.sent (as far as can he judged by the dia.stolie pre.ssurc) thaii in 
ca.scs in which the absence of .significant, regurgitation indicates that 
the di.seasc procc.ss has not been severe enough to disturb the valvular 
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Fig:. 2. — Total number of eases .and the incidence of nnfiina pectoris, circulatory 
conffe.stion .and cardiac subjective syinptonis grouped according- to tiie Iicigbt of the 
diastolic pressure. 

function. On the otlicr hand, the fact that increasing degrees of in- 
sufficiency ajipear to cause no corresponding increase in the incidence 
of anginal manifc.stations indicates that the diastolic pressure level 
must be of relatively slight import auce iu dctermiuiug the extent of 
the coronary blood flow. 

PATHOGENESIS OP ANGINA PECTORIS IN AORTIC VALVULAR DISEASE 

TIio conclusion that angina pcetoi'is cannot he dependent upon a low 
diastolic pressure receives suppoi-t. if it can he shomi that all eases of 
angina associated uatli aortic Auilvnlar disease can be explained on 
other jiathogenic bases. A vast amount of experimental evidence, which 
it is unnecessary here to recapitulate, indicates that anginal pain is a 
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mauilcstalion of mvoeanlial iscliomia. On the othor hand, the oliciuica 
mechanism by n'liicb the pain stimnlns is produced, the ai)parent s ai .a- 
tions in the sensitivity of different subjects to aipz.na, wliy 
to appear in many cases of obvious coronary obstruction and ninth 
vasomotor disturbances of tlie coronary vessels actually do occur to le 
. , isooinvK i\vi\ Doiiils ^Yhleh Ivavc wn 


1 n. lUO prCwMlVl! UJ. 

lary blood flow, either locally or throu,u:h- 


ei 

been 

tliereforc 

purposes of this investi 
diminish significantly the coron; 
out the myocardium, can be shomi. 

Tlio pathogenesis of angina in the luetic snb.iects of this series can 
be explained in th.e majority of eases by a stenosis of the coronary 
ostia which is a usual accompaniment of specific aortitis. Other cases 
may be explained as being due to loss of elasticity ot the aortic wall, 
as Hoehreiid'- ha.s shomi that a propor'lional diminution of the coronary 
blood flow is a.ssocialcd with this type of pathological condition. Other 
factor.s .such ns coronary sclerosis may, of course, be su]>plemcntary. 

. Five of the 19 ca.ses of angina, however, did not. have lues and in these 
.the significanco of the pain must be otherwise interpreted. 

Two of the 5 cases were uiuiucstionably due to eorouary sclerosis. 
Post-mortem examination was jierfonned in one of these and deinon- 
.strated widespread calcification of the coronary vessels with coin])lete 
occlusion of the dc.sccndiiig liraiicli of the left coronary arloiy. The 
other subject was a male of sixty-seven yeans showing iiiarlvcd .sclerosi.s 
of the peripheral vessels. The lieaii was dilated and there was evidmico 
of adhesive pericarditis. The arterial iiressurc was 110/70 mm. Ug, 
so that in any ease angina, could not be accounted for by a low di- 
astolic pressiu’c. 

Two subjects, both males, aged lAventy-ninc and fifty-eight years, bad 
a history of recurrent attacks of rhonmalic fever. Physical exaiiiiiia- 
tion showed insufficiency of the aortic valves while an apical diastolic 
muminr indicated that the mitral r-alvos were also involved in the 
rheumatic proce.ss. In both ca.se.s, angina, jioctoris was of the effort, 
type, the pain appearing n.sually on phy.sical exertion and passiiur off 
with rest. Angina pectoris is said to be a relativelv unusual compPea- 
tion of mitral stenosis.^"- Wlicn this eoinbinatioii does apiiear. 
pos -mortem examination may fail to reveal any ap]mrent cause for the 
ostia dependent upon a functional stenosis of the coronary 

The fifth subject was a male, aged twcnly-sevcii roars He bad a 

wonrl™ ^ Of O'O ■oortie imd mitr.il valves Tlic 

the spontancops typo. Ap^^a in „,is c„,,o also n,ay ha^m: 
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to mitral stenosis. On the other hand, it may he of the type described 
by Lewis=^ in which angina appears in spontaneous attacks associated 
with high blood pressure. This syndrome is said to occur frequently in 
relatively young subjects with free aortic regurgitation. Lewis ex- 
plained the attacks as being due to a generalized vasomotor disturbance 
wherein the coronary vessels arc so involved that a relative myocardial 
ischemia is produced. That the attacks are vasomotor in origin is 
supported by the fact that the pain yields promptl}^ to tlie administra- 
tion of nitrites. The patient described above appears veiy comparable 
to those discussed by Lewis. He was a tobacconist by occupation and 
smoked to excess, facts which support the probability of a vasomotor 
pathogenesis. While no blood pressure readings during the attack are 
available, the high resting sy.stolic level is suggestive, and tlie attacks 
themselves were essentially similar to those of Lewis’ subjects. 

Thus it appears possible to explain the pathogenesis of all cases of 
angina pectoris associated with aortic valvular disease without predicat- 
ing the influence of a low diastolic pressui’e. Such explanations must 
be made, however, with the reseiwation that our understanding of this 
syndrome is still very incomplete and that forthcoming work may dem- 
onstrate the fallacy of many of our present accepted views. But what- 
ever may be the actual cause of anginal pain, it seems very unlikely 
that a low diastolic pressure plays any conspicuous role in its pro- 
duction. 

DISCUSSION 

The evidence presented as to the relationship of angina pectoris to 
aortic vahuilar disease does not appear to be open to serious criticism. 
In regard to the particular group of subjects studied, in-patients were 
selected rather than ambulatoiy cases because in the majority of in- 
stances better opportunity had been afforded for thorough investiga- 
tion and diagnosis. In-patients, furthermore, have had their aortic 
disease longer as a iTile and are therefore more likely to have developed 
angina than when first seen as out-patients, so that the maximum in- 
cidence of angina should be found in such a group. 

Factors mitigating the reliability of the figures obtained appear to 
be chiefly the relatively small number of patients vhth veiy low di- 
astolic pressures and the possible influence of congestive failure. A 
large series of eases is, of course, always preferable. On the other 
hand, the conclusions would ha^m been as adequately demonstrated if 
the percentage incidence of angina, pectoris had been the same at all 
diastolic levels while actually it was diminished at low pressures. Foi 
this reason it is improbable that chance errors have significantly altered 
the ultimate conclusions. 

That congestive failure or subjective symptoms play little or no pait 
in diminishing the relative incidence of angina is clear from the pic- 
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OTOTP A wuch more likely interpret at ion is the probability that il the 
moan arterial pressure bills to the extent, oi: proilueing any physiologieal 
disturhance, peripheral congestive iailuve srpievvenes before the onset 
of angina. Tiiis explanation coniplenients the view that, the blood How 
through the coronary vessels is modified principally by the work of 
the heart rather than by variations in the aortic ])i>rfusion jiressure. 
Under the circumstances, the coronary circulation would be less af- 
fected than would those parts of tlie circulation which are more de- 
pendent upon the arteiaal pressure. An angina due to insulTieieney of 
the aortic perfusion pressure would therefore not. aiijicar until after 
the occurrence of congestion in the jieriphery. Uonge.slive failure is 
not dependent upon valvular competence but rather n])on the relative 
efficiency of the myocardium. Thus even in the jiresence of a V(;ry low 
diastolic pressure in the aorta, the effective jiorfusion pre.ssure of the 
coronary and systemic vessels remains sufficient as long as the myo- 
cardium is competent. AVhen the myoeardinm fail.s, jierijilieral con- 
gestion appears and angina ])octoris docs not. oecnr. 

The physiological apidieation of 1he.se observations lies in the faet 
that they agree with the eonelu.sions of Hoclirein and bis eoworlcers that 
alterations in coronary blood ilow aim dependent, ehielly n])on the work 
of the heart rather than u])on variations in tl)e aoi'tie ])('rfusion pre.s- 
sure and that a low pre.ssure in diastole does not significantly affii'ct Die 
coronary circulation. By the same token, they .support the view that 
cardiac systole does not obstruct the 7nyoeardial blood How. Of eliu- 
ieal importance is their signiticanee in regard to the appearance of 
angina pectoris in cases of aoi-tic valvular di.sea.se. Angina cannot, 
under the circumstaueos, bo attributed to the low dia.slolic ])res.suro of 
valvular in.sufficieucy. Its ])rosenec indicates a diminution of the co- 
ronary blood How due to otlici- eomplicating factoi-s. Of these, aortic 
valvular disease itself frec|uontly involves blockage of the coronary ostia 
ei loss of elasticitv of the aortic wall. Tjoss often is the angina de- 
pendent upon purely concomitant, factors such n.s mitral .stenn.shs va.so- 
motor .spasm or coronary sclerosis. ’ 

sumwauy aku coKcnnsiox.s 

An analysis is made of 72 en.ses of aortic valvular disease with snoei-d 
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in Avilicli it was between 79 and 40 nun. Hg, and in 16.7 per cent of 
llio cases in wiiidi it was IjcIow 40 nnn. Hg. TJie fact that this syndrome 
did not occur most frequently in the latter group indicates that a 
low diastolic pressure is of relatively slight impoitance in the path- 
ogenesis of angina pectoris. The incidence of congestive failure was 
also studied, but its increase at low diastolic levels was insufficient to 
account for the relatively greater decrease in the incidence of angina 
in the same gi-oup. 

These observations indicate that the appearance of angina ])ectoris 
in eases of aortic regurgitation cannot be attributed to an insufficiency 
of the coi'onary perfusion j)ressure duri7ig dia.stole. They support the 
view of Iloehrein that the work of the heart is the most important factor 
in determining the volume of the coi-onaiy blood ilow, that the nyo- 
cardial circulation is relatively little affected by alterations in the di- 
astolic pressure level and that cardiac systole does not significantly ob- 
struct the coronary vessels. 
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the prognosis in gonococcal ENDOCAROITIS' 

temw OP Litexatobb akd Eepoet op Case awh. Spostaeeoos 

Recovery 

Albert B. Newmax, !M.B, 

New York, N. Y. 

T-HB writings of Bicord^ in liis classical Iroatisc on venereal disease 
1 were probably Ibe fwst. demonstration of the fact that gonorrheal in- 
fection may go to systemic distribution with visceral involvement. Ti is 
this work that indicated clearly that gonococcus infection may involve 
the heart. The first clinical demonstration of gonococcal heart, disease 
was that of Braudes, = whose paper seemed to demonstrate eleaiiy that 
there was a connection between the onset with an acute urethritis and 
the cardiac involvement. If the clinical observations of Braudes are 
indubitable, bis is probably the fii^sl recorded ease of gonococcal endo- 
carditis with recovery. At this point, it may he said, that, early writei’s 
recognized that gonococcal endocarditis may follow nrethvitis without 
the appearance of arthritis.*'’-® Lneas'* found arthritis absent, in fifteen 
cases out of foiiv-threo. The first recorded recovery of the gonococens 
from the circulating blood was probably that of Bothmund,’^ and 
elaborated on more fully by Souplct.^^ Howes’- soon followed there- 
after with reports of positive blood cultures in gonorrheal polyarthritis. 
The first demonstration of gonococci in the valves in casc.s of gonococcal 
endocarditis was that of Bendu and Halle.’’’ In the Oerman literature, 
an early report conceniiug gonococcal endocarditis was by Shcdlcr,’'' 
which is of pai’tieular interest bceanse it. treated of a fatal ease with 
complete post-mortem findings, Desnos’*"' demonstrated specimens with 
endoearditic involvement as early as 1877. Those specimens were from 
a man who developed arthritis as a sequel to a ui’ethritis, and in the 
midst of a severe febrile course an endocarditis w*as found to bo. present . 
Polypoid vegetations of a characteristic variety wore found on the 
mitral and aortic cusps. In Shedlcr’s case, the presence of nepluitis 
was^ emphasized; of unusual interest in the liglit of the fact that, 
cinical studies of gonococcal endocarditis in recent years (Thavor 

"'wolvcmcnt, sonic 'with 
casffi “'W'' inchulecl two 

natiPTit It cessation of a thick urethral dischnm-o }],e 

__ aesenbed a case m which hcalnig took place; in tliis inslancc 
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on tlie tliird day of a febrile period, the hitherto rich urethral dis- 
chaige diminished, at which time a loud apical systolic murmur was 
found to be present for the first time. Subsequently there set in an 
arthritis of the left knee joint and fourteen days after, amid cliills and 
fever, a diastolic murmur appeared at the base of the heart vntli the 
coincidental appearance of severe dyspnea. Tlie patient died six weeks 
after the onset. An early instance Avhere the organisms were found 
post mortem on section but not ante mortem in the circulating blood is 
recorded by Wilms.^® It was this author’s belief that the organisms 
found in the valves were pyogenic bacteria which entered the circulation 
after involving the urethra, as secondary invaders. The organisms found 
on the heart valves were descriiied as intracellular diplococei for which 
reason the theoiy of secondary pyogenic invasion is doubtful. The 
report of Loeb’" is interesting because it eonsidei-s the pleuropulmonary 
complications among the other visceral manifestations of gonorrhea; a 
subject which in recent years has been reconsidered by Pratsicas.-" 
The latter writer describes a ease with systemic infection in wliich a 
pleural effusion develoiied from which organisms were recovered having 
the morphological characteristies of gonococci. This patient had no 
endocardial involvement clinically demonstrable. The offending organ- 
isms could not be identified culturally because they failed to survive on 
subculture. Bressel-' described a ease of gonococcal bronchopneumonia 
in which the gonococci wore recovered in the sputum. Similar reports 
were made by Wynn,-- Scherrer,-^ Barbiani-'* and Ahman.-^ 

Lenliartz-® in his classical work exjiressed the opinion that recoveries 
in gonococcal endocarditis sometimes do occur. He quotes the case 
of a. sixteen-ycar-old girl who eight weeks before coming under his 
observation had had an acute gonorrhea. Four days before admission 
dyspnea, preeordial oppression and severe constitutional symptoms 
set in. The urethritis and endocervicitis were severe, and smea-re taken 
locally were positive for gonococci. Unusually loud systolic and diastolic 
munnui-s were heard at the base wliich subsequently completely and 
pennanently disappeared. During the acute febrile course there were 
two chills, high intermittent fever and practically no local evidence 
of disease. Blood cultures were not reported. The absence of local 
disease (urethritis, etc.) is a fact that has been particularly emphasized 
also in recent yea.rs. Lenliartz judiciously laid stress on the difficulty 
of intei’preting clinical findings because lie felt certain that systemic 
gonococcal infection could readily occur in people with old rheumatic 
valvular disease; for which reason he cautioned against the indiscrim- 
inate assignment of a gonococcal etiology in these cases. Karsner-' 
recently made the statement that in order to establish the diagnosis of 
gonococcal endocarditis the presence of gonococci in the blood or the 
lesions must be shomi. This attitude conti’asts sharply with that of 
Jagie -and Schiffner,^® who witliin fairly recent years expressed the 
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opinion that ntild cases of gonococcal sepsis ““"Vf 
volTcmcnt which not infrequently go on to complete lec } . fl 
wrifets believe that if there is no other eUolog, cal 
disease and cardiac involvement occurs ni the course of a Ml-Mo 
gonococcal infection, the diagnosis of gonorrheal heat I disc., . 
"van-anted They feel that in the vemicose form of gonococcal endo- 
carditis as contristed a-ith the ulcerative form, cases frequently go on 
to a tei’minatioii with complete i-ceovciy, hut in most eases a, valvnlar 
defect remains. Tliey also are of the opinion that tlic vorrucose, foim 
of endocarditis is not so infrequent as the nlcerative form. Thc>' cite 
the case of a thirty-eight-year-old male ndio folloAving an acute urethritis 
developed a complicating opidid^nnitis. Three weeks thereafter during 
an acute febrile period a. hlowdng s>'s(.olic murmur was heard at. the 
apex, and in yet anotlier three Aveeks the left ventricular border was 
found to be displaced to the left. The systolic murmur increased in in- 
tensity. On discharge, the heart showed outspoken eai'diac enlargcinonl. 
vdth a heaving apical impulse, a loud systolic murmur at tlie ajicx and 
an aeeentuatioii of the second pulmonic sound. 

Coneeniiug the general subject of gonococcal endocarditis, the litera- 
ture abounds in descriptions of the clinical course, bacteriological and 
padiologieal findings in this disease. In the last decade and a lialf, over 
one hundi'cd reports liavc appeared on the subject. The Genua, n 
literature emphasizes particularly the iiathological aspects of the dis- 
ease; the French, the bacteriological; the American, the clinico- 
patliological Of the almost mnumerahlc reports of fatal cases, there 
may be mentioned those of Vander Veer,*” Lefehure,®” Edwards, 
MeCants,”” Lion and Levy-Bruhl,”” Dnyer,-'’'' Rieckcr,”» Johnston and 
Johnston,^® GiU,”^ Klein,”® Warfield,”” Bard, Langeniou and Gardcre,*'” 
Gallavardhi,« Lartigan,''” Villola and Torres, ■»” Smith, Galois,^” Barhe 
andMeynet,^® Brebner,^^ Kramer and Smith®”; and more recently there 
have appeared the reports of Kirkland,®” Cooper and IClinckJ'” and 
Hoffman aiid Taggart.”® Tlie attitude of these Avnters couccimi’ug the 
prognosis in gonococcal endocarditis varies Avidely. Thayer,”” AAdiosc 
monop'aph on tliis subject will remain one of the classic reviews of 
the disease, is of the opinion that recoveries do occur in gonocoeea.l 
endocarditis, but are probably extremely rare. Warfield in his report 

“ T r onaoc’vLi?::- 
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such cases; viz., Delprat,^« a.nd Morel."" The report of Lenhartz^" cited 
Previously represented elearl3'' a recovered ease. The only source of 
possible doubt was the failure to recover the gonococci from the circulat- 
ing blood. The clinical course was typical from every point of view 
except for the fact that no embolic lesions appeared at any time. 
Grouiwieh-''' in his report of a recovered case reviewed the eases of 
recoveiy to that time. He failed, however, to distinguish between hemic 
muiTOurs that arise in tlic course of an acute febrile disease and the 
organic munnurs of true gonococcal endocarditis. Thayert= in this 
connection remarks veiy properly that early endocarditis is often diffi- 
cult to recognize, as is the case in rheumatic fever, and just what rela- 
tionship there is betu'cen munnurs heard during an acute gonococcal 
infection and preceding elu'onie valvular disease is often impossible 
to say. Unger®® cited a case of an eighteen-jmar-old boj’’ who developed 
a fresh endocarditis witli an apical systolic munniu' and functional 
insufficienejE He ran an iiregular fever, developed artliritis and even- 
tually recovered. Blood culture during the acute phase of his illness 
was positive. The classic case of Silvistrini®® is wortly of review in 
detail. This ease probabl.y represents the first record of systemic 
gonococcal infection with blood stream invasion, poljmrthritis, endo- 
carditis aaid jaundice. The patient was a male of twent3’'-nine j’-ears, 
who one month before his admission had contracted a gonococcal 
uretliritis. Twent.y daj^s after the cessation of the urethral discharge, he 
was talcen until malaise, cliills and fever. Three days later an acute 
polyarthritis set in involving the unists and metacarpophalangeal joints. 
Seven daj^s after the onset of the fever, ictems of the slcin and mucous 
membranes appeared. The urine showed the presence of bile but no 
albumin or sugai\ On the thorax there appeared several eiythematous 
liemoiThagie blebs. The liver and spleen were enlarged. A sj'-Stolie 
murmur was heard at tlie apex of the heart, transmitted to the axilla. 
Subsequent!}^, involvement of the anldes, unnsts and knees set in. Upon 
the da}^ after admission, a pericardial rub was heard; jaundice -became 
deeper, the liver larger. After an illness of tlii*ee months’ duration the 
patient recovered and was discharged with anlylosis and stiffness of 
the joints and a full-bloum mitral insufficiency. Blood cultures done 
on enriched media, viz., glucose serum and pleural fluid, grew out the 
gonococci. Smears of a milly fluid obtained from one of the involved 
joints shoAved leucoe 3 '’tes Arithin Asdiich Avere numerous gram negative 
diplocoeei. An opinion as to Avhether this reiDresents a truty recovered 
case of gonococcal endocarditis must be held in abeyance; the failure 
to report changes in character of the cardiac lesions makes one suspect 
that the AATiter Avas more probablj'’ dealing AAoth a ease of gonococcal 
sepsis AAdth icterus than AA'ith one of true gonococcal endocarditis. 
Withington®" cited the case of a tliirty-six-year-old male Avith a urethritis 
of one and a half months’ duration avIio developed an acute aortic 
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cudocrditis ^vhich .as fo„..d pv«-«i on 

febrile eomso mtli eliiDs and level, ni i . Ti,i„ ,,.,|ieiil 

Blood eultocs revealed the presence oi gonococci. This jm u 
:’::o eomuMe vecoveay vitli no ai^ia o.hei- Ihan .be en, • 



ease of recovered gonococcal endoenrdilis 
in wliicli the differential diagnosis from typhoid fever hccninc a problem. 
The patient was a male of twenty-three years wliose illness had an 
acute onset with high remittent fever. Urethritis wa.s pT-e.s('nt. one 
month before admission. Sweating, headache and diarrhea were pie.sent 
after the onset. Because of the profn.se diaphoresis, the diagnosis ot 
tjqihoid fever was questioned. Tlicrc was no arthralgia ])resent at an\ 
time. Two days after the patient wa.s first scon, a mitral murmiu’ was 
hciu'd of a scraping mnsieal quality, for which reason it was .snpiioscd 
that an ulcerating endoeardili.s was present. Ucmorrhagic papular .skin 
lesions occiuTcd on the abdomen, thorax and ihigh.s. THcre. was a 
severe sceondaiy anemia a.ssociated with a Icncocylosis and ]iolynen- 
cleosis. The nrctlirnl smears showed the presence of gonococci. Tin- 
blood culture likewise was positive for gonococci. Tlic patient was 
treated wth gonococcus vaccine, and despite tlic oceuri’cncc of a eom- 
plicating bronchopneumonia, recovery took place in foUy ilay.s aftiu- 
onset. The patient was left with a permanent mitral lesion. Faure- 
Boaulien®® remewed thir(y-fonr cases of gonococcal sejisis in an excellent 
monograph on tins subject. Of these patients, ten died. Of the twenty- 
four recovered cases, in three, apjnircntly definite endocardial involve- 
ment was present. Undoubtedly iiromjilcd liy the reported success of 
vaccine therapy in this disease, as -well as with the use of anti-gonococcal 
serum, Schiele and Uorbcck®° used aii anti.serum in a ease of severe 
gonococcal sepsis in which an acute endocarditis was said to have been 
presont. In one month the fever subsided in their ca.so and the eardiju- 
signs disappeared. Sagot“’ quotes the case of I^Tarfan and Uebrie as 
illustratmg the ocenrrenee of gonococcal endocarditis with recovery. 
A ten-year-old girl was seen with a wcck\s history of abdominal pain 
and gave a typical typhoidal appearance. There was marked abdominal 
distmtion, no vomiting or diarrhea. The diagnosis of pelvi.- 
P itoratis was made. A vaginal discharge revealed, however Hu- 

PWenttt tbe^r ”5’“- A syslolic Ibvill 

wastMjsmitedtorir.rilt 
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a mesodiastolic miimur was lieard. Tlie blood culture revealed tlie 
presence of the gonococcus. The patient was given in addition to local 
therapj' for the vaginitis, gonococcus vaccine. She recovered three 
weeks later, with signs of a mitral valvulitis and adherent pericai’dium. 
These signs were found to be present on examination ten months after 
the onset. Luithlen'’’” reported a case of a twenty-six-yea.r-old male 
taken Muth acute posterior gonococcal urethritis. One month aftenvard, 
during which time the urethritis was being treated, he complained of 
cardiac pain. Cardiac findings at this time were a soft .systolic murmur 
at the apex, slight cardiac enlargement to the left and a bradycardia. 
The next daj- the patient went into cardiac collapse; he then became 
slightly febrile and the spleen became just palpable. Temperature 
became nonnal five days after this epi.sode. He eventually I’ccovered. 
The author of this report feels that this represents a case of recovered 
gonococcal endocarditis. More recently, Aubertin and Gambillard,"^ 
citing the successful use of anti-gonococcus serum at the hands of 
Schiele and Dorbeek, previously quoted, undertook the use of this 
form of therapy in the treatment of a case of gonococcal endocarditis 
tliat came under their care. An eighteen-yea r-old male came under 
their obseiwation following the onset of an illness ushered in with 
a shaking chill. The less immediate illness dated back to the onset 
with an acute urethritis which the patient treated vnth self-medication. 
Nine months later, arthralgias, una.ssociated with fever set in, for 
which five injections of gonococcus vaccine were given. At the time 
marked pallor of the skin and mucous membranes was noted. Two 
months thereafter, a systolic murmur was discemed at the base of 
the heart, and a leucocytosis and polyneucleosis wci’e found to be 
pi’esent. Two days after the systolic murmur v'as discovered, a diastolic 
murmur at the base of the heart was heard. At ho time was there a 
Corrigan pulse present. The spleen was not pal])able; the urine was 
negative. After one month of a severe febrile coui'se, anti-gonococcal 
serum was administered, in all eight injections of 40 c.c. were given. 
This was followed in due time by a severe serum sickness, characterized 
by arthralgias and urticaria., folloAring which the patient became 
afebrile. During the coui’se of this severe febrile illness, six blood 
eultui’cs were talien, all of which showed no growth. It is obvious from 
a review of this ease, that the writers Avere not dealing with a case in 
which endocarditis Avas definitely present. The time of onset Avitli 
s.ystemic symptoms post dates the onset Avith acute urethritis by a period 
of time Avhieh exceeds by many montlis the usual period AAdien endo- 
carditic iiiAmlvement takes place. The absence of embolic phenomena, 
palpable spleen and positrte blood culture tends to support the vieAv 
that an actual gonococcal endocarditis Avas not present in this case. 
Sehottmuller®^ in his treatise on sepsis expresses the feeling that one 
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bo oauliom bofovc giving an absolnloly In., ..-loss P-b-osis m 
gonococcal ondocavdilis. Ho cit.-» n-mvery ... » 

L addition lo a case .■ci.oi-lod by .loch....... n. Inwhl-. .cj.mUd ,. 

rdd ease in avl,iol. we find tin., Ihc .■.•itic.l d.-o,. ... l.....„o.-,.t...o 
Invcd following a tol.oilo episode dnving wl.i.-l. II... ,c..„.e.-,.l,.vo -a 
, 1.0 bighcsl II...I it bad boon a, any li.no dunng ll.o .1 h.oss 1.. b. 
case tl.,.t I sl.,.ll unotc ,.s ,. .■c.ovo.-od esc of gimocooc.l o..d..o..i-d.l.s, 

“ " - -okc the theory ol 

■ilix.alion, 
uml one 
•ks on the 

eemn-al character of soooeocoal eiuloearditis l)y Siiyin*^ tliat it does not 
differ cssentiallv from other forms of acute l)aelt'rial eufloeai-ditis. ex- 
cept that the outlook for life is hetter. Of two en.ses known to that 
writer, one recovered, lie feels also that if aii aenle endoeanlilis oeeiirs 
in a patient with gonori-hca and no or^nni.sms can he recovered, heeause 
of the well-ln\o\\m diffienlty in eultnrinir the ^onoeoee.us. the presump- 
tion is that a gonococcal endocarditis is })re.sent. The recovered ea.se 
he cites is that of a man of twenly-fonr real's whose illness began 
with a urethral discharge, followed in one month with epididymitis. 
About six weeks later he complained of ]mins in the cxlrmnities and 
prccorclia, at -which time the liearl was normal in size and no nninnui*s 
W’erc liea.rd. Two day.s later there was inerea.sing fever, sweating and 
prostration. The heart was enlarged, and long soft mitral systolic and 

short aortic dia.stolie murmurs were Inuird, followed in two dav.s bv a 

• » 

pericardial rub. Sixteen days after onset of ])reeordi:d pain a i>eri- 
cai’dial effusion -wa.s present, and in one month the efi'usion was gone. 
The patient ap]n-ouehed normal but the murmurs remained, lie wa.s 
seen five months later and a faint aortic diastolic murmur was heard, 
there wn.s a large ])nlse pressure ]>resen1, hut he wa.s otherwise normal. 

Within the last two yeai's there have appeared two reports of un- 
usual interest in eonneetion with the surgical therapy of gonococcal 
bacteremia in women, by the radical extirpation of disea.sed fotfi in the 
pelvis. The earlier report of Wheeler and Cornell''*' eoneerns tlu'. rc- 
eoveij of a ninelccn-ycar-old female who had an intermittent baeteroinia 
of pelvic origin, from who.se blood stream the gonoeoeei disapiicared 
tollowng radica.l extirpation of the disea.sed foci in the iielvis. Cono- 
coeeal endocarditis was not definitely estabii.shcd in tins ea.se En 
coi, raged by this .'csull ,md fccli..g tb„l k<,„oo,„w„I P.Kl„e,..-dilis .•a.-.-k-.l 
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of rheumatic fever or chorea, uor of gonorrlieal infection. The heart 
was found to Idc slightly enlarged to the left, and a soft systolic murmur 
was heard at thci apex and a rough systolic muiTnur at the pulmonic 
area. The spleen was not felt. Tlic skin of the hack and of the front 
of the chest was covered a macular rash. Pelvic examination 
sho^yed only a boggy uterus. Tlie urine was negative; there was no 
anemia; a leucocytosis was present. The blood cultures grew out the 
gonococcus on three occasions, and the cervical smears also showed the 
presence of the gonococcus. Tlie heart became enlarged under obseiwa- 
tion, and systolic and diastolic munnurs were heard at the apex. Anemia 
then ensued. The diagnosis of gonococcal endocarditis was made, and 
since it was felt that the prognosis was hopeless, salpingohysterectomy 
was perfoimed. The patient’s temperature promptly fell to nomal, 
and she was discharged after seven weeks, all blood cultures during this 
time being sterile. The patient was seen .six months later, and no 
pathological changes could be discovered in the heart. This patient had 
also had the benefit of five transfusions during the eoui’se of her treat- 
ment. The value of repeated transfusion in the treatment of gonococcal 
endocarditis is the subject of a paper, by Perry, dealing ndth a re- 
covered case, A male of twenty-two years first came under his obseiwa- 
lion MUth a complaint of fever of one week’s duration. The patient had 
had a uretliral discharge for the three months previous to the onset 
of the acute illness. He liad been through an insurance examination the 
year before, and no cardiac murmurs were noted. One week after he 
was first seen he had a chill and a rise of temperature to 105°. The 
heart revealed in addition to a tachycardia, a slight enlargement to the 
left. At the pulmonic area a soft low-pitched murmur was heard, 
systolic in time. A few days later a diastolic miinniu’ appeared at the 
l)ulmonic area. Blood culture grew out the gonococcus. The patient 
was given repeated small transfusions, went tlu'ough several episodes of 
]iulmonary embolism, recovered and Avas discharged avcU after four 
months. In all, fourteen transfusions AA^ere given, and one injection of 
convalescent serum aa^s giA'^en. The patient Avas seen one and a half 
years later. The author of the report informs me^“ that the patient 
is clinically AA^ell and has a definite pulmonary insufficiency Avhich is 
causing him no sj^mptoms. In this connection it is interesting to note 
that in the paper of Libman previously cited®-’ a ease of gonococcal endo- 
carditis involving the pulmonaiy valve AAdiich Avent on to spontaneous 
reeoveiy seen by Doctor EdAvard Janeway, Avas mentioned. 

At the Mount Sinai Hospital, New York City, up to the present date 
there have been seven eases of gonococcal endocarditis. In all of these 
except the case described there Avas a fatal issue. Because of the rarity 
of recover^’' in this disease and the remarkable clinical course, the fol- 
loAving case is reported: 
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REPOK'i' OE CASE 

E. S. Ace. No. sum, 

.7, S..e -e a,. 

■ , Si So t1,o coition of » «vc montl,.,- sta.v in IMovWn, .lnr,nR 

JS « .!«,= lived in Hen- Yorli City. Si.c dcnW 

typhoid fever, scarlet fever, diphtheria, chorrca, frequent soie throats, hen 
trouble,'' or rheumatic fever. At the age of ten years, a tonsillectomy ^ 
performed. Her menses commenced at twelve years, were alwaj'S I'Cg" 
four days. Her last menstrual period liad occurred in December, 1931. Site 1 . 
missed three periods during her pregnancy (sec present illness). Her present i ness 
bemn three months before admission, when, in an attempt to terminate a pregnancy 
of '"four mouths ' duration which was associated with morning nausea and amenor' 
riiea, she went to a midwife who inserted a heavy gauze pad into the vagina. ^ This, 
the patient removed twenty-four hours later with a small blood clot. Tliis uas 
accompanied by severe lower abdominal pain of a cramplike character, followed 
twenty-four hours later by a steady severe knifelike pain in the right lower quadrant 
which was increased by coughing and breathing, and unaiTeclcd by u'rination or 
defecation, which two functions were normal. There was no nausea or vomiting. 
The temperature rose to 104° and returned to normal the following day. She was 
up and about for one week when the lower abdominal pain returned this time more 
severe on the left side. At this time the patient had a cu'rcttage of the uterus 
performed. Pain remained persistent for the two months thereafter and was ac- 
companied by daily rises of temperature to 105°, associated with profuse swoat.s. 
There had been no vaginal discharge except for a foul bloody one, one week after 
the clot was passed at the onset. There was no cpistaxis, no respi'rator}' symptoms, 
no tender finger tips or toes. Si.x days before admission she liad received a 500 c.c. 
transfusion. Physical examination on admission revealed a chronically ill, under- 
developed female with marked pallor of the skin and mucous lucmbraues. TIio 
skin of the entire body was slightly of a cafc-au-lait hue. No petechial spots wore 
seen anywhere on the skin or mucous membranes and no splinter hemorrhages under 
the finger nails. The pupils were round, regular and reacted to light and accom- 
modation. The sclerae wore not icteric. The fundi were normal. The tooth were 
in poor condition, and the tongue was coated; there was slight fetor oris. Tlie 
pharynx was slightly red; the tonsils were cryptic. There was no lymphadenopathy. 
The lungs were negative. The heart was not enlarged to the right or to the loft. 
There was no increase of cardiac dullness over the pulmonary conus. The apex 
impulse was forceful. There were no murmurs heard. A, was greater than V 
The rhythm was regular. The spleen was felt two and a half fingers below the 
subcostal margin; the edge was fim. No perisplenic friction rub was heard Tlio 

«Ii“™r "S'lt subcostal margin. On pcKuc 

exam nataon the cervix was found to be slightly patulous and eroded A sliirhl 

drscharge issues from tlm os uteri, tUo tiJngs rvoro otto, rise nogattaf 

Lahomtonj Data: Hemoglobin 62 per cent, R.B.G. 4,550 000- WHO Ann 
Polys. 83 per cent, of which 9 per cent were staff polk mi J. ’ \ 

granulation of the poljmuelears. Platelets 250 000 Bp' 108/70 
nnd Kahn tests, negative. Blood urea nitrogen 11 mg 

r:«s.o:r::ir£ ^ ~ ^ 

B.B.C. pa, ,.i,„ poorer «~;;CrwBC and 

seen microscopically. Hrfne concentration test 1 006 ^^ 4 !"’ 
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cmc, Oonrsc: The the '’“J "iJ' Lee. ef 

cin.rf Pinkinff ckill. BlooG cultuvc tukon after tlio dull re\o,iiDti im. i 
a skort dm g confirniod on ihrco ouctmvons. 

gonococci ifl all t ,,Tiic 'I’u-n rliivi after adiniPHion, a 

The gonococcus-complcmcut fixation ^vas four plu . Ino ^ interMiie. 

soft diastolic murmur n-as heard over the atcriium at the level of he third into .1 
Ttl; days later a nhito centered petechia uas seen in the right lower eo»,iinetna 
At the same time, a small red lesion, which was tender, appeared on the dor. nn 
of the left foot-a metastatic focus. This lesion disappeared in two day.s 1 In 
anemia progressed, the heinoglobiu dropped to 53 per cent. For the tir.st. wee • t lere 
was no recurrence of the chills. One week after admission a oOO c.e. Inin.sfnsion 
was given, as a result of which the hcmoglohiii rose to 02 per cent, hnght dn.rs 
after admission, fluoroscopy of the cheat was performed whieh revealed Hint the 
left ventricle was enlarged downward and to the left, and that tl.erc wa.s some 
prominence in the region of the left anriele in the posterior anterior position, but 
no evidence of enlargement was seen in the right oblicpie position, the aorta wns 
dilated, its excursions wide. The appearanee was that of an aortic iii.snflieienev 
probably associated with a mit'ral lesion. The blood ))re.«8nre drojiped from 10.V70 
to 90/30 mm. The endocardial murmur was observed to become more pronounced 
during the patient’s stay. Profuse sweats occurred. 'I’hc temjieraluie ran a septic 
course (see chart, Fig. 1) for two weeks. On the fourteenth day after admission, 
Januaiy 2,8, 1932, the temperature rose to 10-1.8“ at eiglit o'clock in the evening, 
to fall to 97.8° at midnight. It thereafter never rose to a point nhove 99.(1“, Si.v 
weeks after admission, or four weeks after the defervescence of tlie fever, tlie spleen 
was found to have recoded to a point one finger breadth below tlie left, .‘iubcosttil 
margin. The blood pressure on discharge was 120/5S mm. One week after tlie re- 
mission of tlie fever, tlie urine showed no albumin, no formed elements and was 
guaiac negative. Electrocardiognim 'revealed no definite abnormality, lllood culture 
taken on the fifth day after the remission of (ho fever wa.s .sterile. 

Follow-Up Feporis: March 28, 1932, Idood pressure 110/30 mm. Patient felt 

entirely well. No dyspnea or swelling of the ankles. No Corrigan pulse present. 

No urinary complaints. Spleen palpable one and a half lingers below subcostal 

margin. May 23, 1932, patient felt enti'rcly well, had luul no dyspnea. No swelling 

of the ankles. No congestive signs in the hing.s. A .soft diastolic murmur was lieard 

at the second loft interspace transmitted along the left border of the steruui. Bpleen 

felt one and a half fingers below subcostal margin, llcart .slight Iv enlarged to left 

on percussion. Blood pressure 110/48 mm. .Tunc 27, 1932, patient felt well Jind 

no complaints referable to cardiac or any other .system. Examination of the heart 

italic murmur to second right interspace and an impure second 

wS T°hZ wmVZT"' interspace. July 25, 1932, patient felt perfectly 

heard alom. Z Soft diastolic murmur wa.s 

leard along the left sternal border. First heart sound loud. P louder than A 

Blood pressure 140/00 mm. Spleen felt one finger below costal margin ^ v ^(T 

“ T-“f- ='■ Ai<r„ ’ 

pressure 124/68 mm. Apical systolic murmur with neccutua(io« nV -P r 
l.w-p.teM diaslolie „„„„ ,„„a „„„ 
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on admission nor was tliere anything in the past liistoiy of the patient, 
by direct ciuestioning or l)y symptomatology to suggest antecedent 
valvular disease. During her course iii the ho.spital which was markedlj^ 
septic, an aortic and mitral insufficiency developed, conlli’med by fluoro- 
scopic examination and l)y an increase of pulse pressure under observa- 
tion. The septic coui’sc went into spontaneous remission four months 
after onset; the patient having dcveloi)ed i)eripheral embolic phenomena, 
a focal glomerulonephritis, then went on to recoveiy and was discharged 
with an aortic and mitral insufficiency. 

.SUMMARY 

Gonococcal endocarditis docs not necc.ssarily carry with it a fatal 
])rogiiosis. Tlie literature on reported cases of recovery in gonococcal 
endocarditis is reviewed in detail. A case of postubortal gonococcal 
sepsis with gonococcal endocarditis, with peripheral embolic phenomena, 
focal glomerulonei)hritis and valvular insufficiency which developed 
under observation and which underwent si)ontancous recovery, is re- 
ported. 
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RUPTURE OP THE AORTA 

PiiEDERicK C. Nark, M.D., and Arthur H. Wells, M,D. 

Kansas City, Mo. 

TN AN extensive review of eiglity-tliree cases of rupture of the aorta 
A with dissecting- aneurysm, reported prior to the year 1863, Peacock^ 
states that Manuoir first described the condition in 1802 ; iiowever, the 
lesion was not generallj^ appreciated until Laennec’s woi'k in 1826. A 
more recent survey made hj' Resnik and Keefer- shows a total of 200 
reported cases. Much space has been given to the discussion of this 
condition by a number of competent men who have repeatedly covered 
tlie clinical and gross iJathological aspects. 

A classification of ruptured aortas based entirely on etiolog}' is not 
possible with our present knowledge of the sub.iect. Wiiitinan and 
Stein, •' Shennan and Pine,* Resnik and Keefer,- Klotz and Simpson,® 
and others, have suggested classifications. Most cases tend to fall into 
definite group wliich may be listed as caused bj’^: (a) trauma, (b) 
extrinsic ei’osion, (c) h 3 "poplasia, (d) coarctation, (e) inflammation, 
and (f) degeneration. 

The confinement of fluid in an.r given .space depends uijon two fac- 
tors, viz., the strength of the container and the pressure exerted upon 
it by the confined fluid. Both factors maj’’ be altered simultaneously 
in the human aoi’ta,- therefore, more than one important change maj^ 
be present in auj^ given case of rupture. Furthermore we must con- 
clude, whether it can be demonstrated or not, that there has been an 
alteration of at least one of these forces. Klotz and Simpson® found in 
testing aortas of individuals between the ages of twenty and forty 
years that a pressure of 1000 mm. of mercury was not sufiScient to rup- 
ture its walls. Oppenheim^® found that rupture occurred at about a 
pressure of 3000 mm. of mereuiy in normal human aortas. Moritz^^ 
found that pressures of from 800 to 1200 mm. of mercurj^ induced 
thi'ougli a cannula inserted in the proximal end of the aorta of living 
rabbits resulted in rupture of the portal vein or its tributaries. The 
aorta could not be ruptured because of the rapid flow of blood through 
its peripheral circulation. Sudden changes of pressure will have a 
much greater effect than a continuous force; consequently these fi^g- 
ures are higher than those in the sudden tearing force necessary to 
burst the vessel. Gases of mpture of the aorta associated with chronic 
high blood pressure are relatively frequent (Lifvendahl,®® Oppen- 
heim,“ Busse,""® Loffler,^" Strickland,^® McLean and Piddes,^® and many 

~^m the William Volker Laboratory of the Research Hospital, Kansas City, Mo. 
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mental data it is difficult 
present being sufficient to burst, a normal aorta. 

rrawRfl.-Tcrrific blows to the thoracic cage have repeatedly lesnltcd 
in the rupture of aortas which have been considered siruct-unilly noi- 
mal (Rollcston,-' Kemp/ Griffiths, « JatVe and Sternberg,- and ]3usse ). 
Flying objects such as blocks of wood or stone, train and automobile 
accidents, falls from high buildings, bridges and aeroplanes, have a 
been found the cause of bursting of the aorta. This result is appnr- 
entl 3 ^ due to the sudden transmission of the force of the blow to the 
confined noneompressihlc blood, ft is interesting that, in traumatic, 
ruptures, as in rupture due to other causes, the site of predilection is 
in the ascending portion of the arch and at the duet of Botnlli, thus 
favoriug either Eindtleiscir.s^' tlicoiy that these areas being compara- 
tively fixed arc predisposed to injuiy, or Abbott ’s’" belief that flic 
aorta may be congenitally weak in these regions. Kupturc of the 
aorta from anj' cause results in the formation of dissecting aneurysm 
in a majoi’it.y of cases. Tliis phenomenon of dissection of the aortic 
wall, we feel, is the result of the right angle deflection of tlie ruptur- 
ing force due to the greater elasticity of the adyentitia in the trau- 
matic cases, and to degenerative clianges in tlie media in addition to 
the elastieit.y of the adventitia in the nontranmatic eases. 

Extrinsic Erosion . — The eomjiact walls of larg(; blood vessels are rela- 
tively immune to the penetration of bacteria and malignant tumor 
processes extending from surrounding organs, lluiiture due to erosion 
of the aortic wall by .such lesions as mediastinal tuberculosis, carcinoma 
of the esophagus and similar lesions of the lungs and vertebrae is not 
uncommon and because of its general recognition will not ho discussed 
further. 

Hypoplasia.— The rupture of hypoplastic aortn.s, a condition gener- 
ally associated with status thymol.ymphnticus, has been described by 
Richey ,=0 George,^’ Marine,” and others. These congenitallv .small 
thin aortas show a diminution in the breadth of all three layers of the 
wall but especially of the media, othenvise the structure is not mavlvcdh- 
altered. This weak vessel may not withstand 
tions of aortic pressure. 


even the normal vnria- 


Coarctation.— 01 the 200 cases of coarctation of the aorta summuri/cd 

tte series examiued microscopically there existed , ,tl •’ 
esses in the aortic wall The Pfpppf Pafbologieal proe- 

' all. The effect of a confmtotts high blood pressure 
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in the aortic arch is apparenti 3 f of the greatest importance; tliere re- 
sults a dilatation of the vessel Avith a marked tliinning of tlie walls 
proximal to the coarctation, even to parchment paper thinness. There 
may be marked changes in the media consisting of interruption and 
diminution of the elastiea Avith an increase of fibrous connective tissue; 
hyaline and frequent!}’- fatty degenerative changes are foiuid. A gi*eat 
majority of these cases shoAved a dissecting aneurysm Avhich ruptured 
secondaril}^ into the pericardial sac or into an adjacent viscus. 

Inflammation . — Intrinsic inflammatoiy processes, syphilitic and non- 
sj’-philitic, are not uneommonl}^ the basis for rupture of the aorta. The 
gradual destruction of both elastiea and muscle elements of the media, 
AAdth subsequent fibrous connecth-e tissue scarring and intimal sclero- 
sis, and later dilatation of this Aveakened structure to aneuiysmal pro- 
jDortions and rupture arc frequent in s.AqAhilitie aortitis. Because of 
the apparent Avoiding of the neighboring laminae bj" the connective 
tissue reaction in sj'-philitie mesaortitis, Klotz and Simpson-"’ feel that 
this disease plaj'S no part in the production of true dissecting aneu- 
rysm. Tyson, Tidmarsh,--"’ LifvendahU"’ and GselP*’ report eases of 
dissecting aneurysm and rupture of aortas shoAving typical luetic mesa- 
aortitis AAdthout the usual marked dilatation of the aortic lumen. 

Infections of the aorta, other than sj'philitic, resulting in impture 
are comparatively rare. The localization of infectious emboli in the 
aortic Avail entering bj’- Avaj* of the vasa vasorum, Avith abscess forma- 
tion and at times m.ycotie aneuiysmal dilatation and rupture has been 
described. Infectious endarteritis Amiying in its bacteriological find- 
ings occasionall.y dcAmlops in a Joens minoris resist cniiae afforded in the 
vicinity of a coarctation. A faA’-orable nidus is proA’ided here where the 
aorta is generallj^ dilated, deformed and atheromatous. Pojmton and 
Sheldon-' liaA’c described such a case and collected four from the lit- 
erature. Keifen, stein,-® Smith and Hausmann,-® Libman,®'' and Narr and 
Johnson,®^ have described similar cases Avith ruiAure. 

It is rather surpidsing that the extensive muscular degeneration re- 
sulting from rheumatic aortitis as described b}’- Pappenheimer and von 
Glahn,®- Sacks-®® and others does not result in rupture of this large 
vessel, but it undoubtedty does in smaller vessels. The rheumatic in- 
flammatoiy 231’ocess does not destro}’- the elastiea, AAdierein lies the 
strength of the aorta. It Avill be noted that rheumatic fever cannot 
be excluded as the cause of rupture of the aoid;a in a case of Lifven- 
dahl.®® The importance of infectious lesions in the destruction of the 
aortic media is A’-ouched for b}'- WieseP'^ AAdio noticed the presence of 
peculiar focal necrosis in the A’^essel Avail of young indiAuduals djdng of 
acute infections. Klotz®® belicA’-es that multiple bacterial emboli are 
the most important factor in the medial degeneration of arteriosclero- 
sis. Many other authorities, including Gsell,®® Ei'dheim,®® Schede,®® 
Stoerck and Epstein,®® Klotz,®® Duff,^® and Bailej'',’*® have suggested the 
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possible importanee ot bacterial I o-xins in ^ 

wMcli may eventually terminate m niiiUive oi Hie aoi . 

i)ea«,crat;a«.-Intrmsic clegencralive elianges ... tbe ao.'l.c na . • 
i„g Tits rupture may be elivideil into tl.e (a) avter.oselcrot.e and (b) 

medial degenerative types. i * 

(a) Of tbe eighty eases of ruptured aorta eollected bv .at cl-. 

Jtll bad arteriosclerosis. MaeCallu,uV= live -ses a sboi e.l 
advanced arteriosclerosis. Si.nilai- cases ol (.agei', ' ' 

Thorpe," Sheldon and Dyke," Tyson, =' Maitland," Str.eUlaiid, D. • 
vendalild^ Kanfman/® and niany other.s .slro.ss the nnporfaiu-e of ar e* 
riosclerosis as a cause of spontaneous rupture of the aorta, great 

after tlio age of forty are din' 


riosclerosis as a cause of spout 
majority of the a( 
to arteriosclerosis. Adanii 


majoritv of the aortic tcar.s oecuiring — 

‘ cites Aschoff, Klotz and Foster in de 
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scribing physiological changes of the aorta, an increase in clastic rdirds 
in iinmber and sue np to thirty-five years of age ^vllen their devr'lnpinent 
becomes stationary for fifteen years. After fitly yenr.s Diere is noticed 
a slow progressive atrophy of the clastica as well as tatty degenera- 
tion of muscle fibers. Small calcareous grannies are seen in some ol 
the cells followed by necrosis and tlieir coini>le1e absorption. The re- 
maining elastic elements are thus allowed to st retell, losing’ tlieir wavy 
appearance and clastic quality. Itrackenzio has demonstrated a grad- 
ual disappearance of cajiillaric.s with advancing age resulting in de- 
generative changes in the places with poorest blood supply. The aorta 
of a child is quite elastic, and its lamellae are tirmly hound together 
so that they cannot be separated. On the other hand, llic aoria.s of 
old age lack elasticity and po.ssess an unusual dryness and friability so 
that their walls can occasionally be separated without difficulty. 

Among the many etiological requirements of arteriosclerosis jmr- 
haps those of greatest importance are: (a) increased functional de- 
mand, (b) injury to the wall by infectious and toxic innuciicc.s, (c) 
nutritional and metabolic disturbances, and (d) familial and licredi- 
tary predispositions. These subjects we cannot enter iqion bere. 

The ai-terioselcrotic process may have its onset in fibrous connective 
tissue proliferation of tbe intima, with subsequent degcnei-ativi' 
ebanges o£ a fatty and hyaline „aUire and with calcium and cholc.s(crin 
oq^rtal deposits, necrosis, ulceration and rarely true bone fonnation 
The media may participate will, fatty degenoratioii, nlropln- ami no' 

t ' in artiLS "into.; 

jnng intimal plaques. Later chalky couuective 

the lost medial elements Perivascular f b vn ? 

deration with round cell infiltration nly be\lTffi™U to" I'-'r" '"'T 
from a syphilitic lesion At nost mort„™ ' . ‘bslingmsb 

intimal layer may crack and split awav ^Sktriiell-like 

IS snrpnsing that dissecting anemysm with rwi'l,"""; 
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entrance oi' tlie hnncn and liealing (Hall'’'* and ClelaiuP') is not more 
common, considering: the nnmbcr of severely atheromatous aoHas seen 
at tlie autops.y table. 

It should be pointed out that a primary intimal tear is not always 
a complement necessary i’or ruptiirc. Tyson,*' citin'^ a few cases of 
his own and of others, stressed the ])oint that, dissect in<r ancury.sms be- 
gin by hemorrhage from the vasa vasornm as a result of medial de- 
generation and that a tear in tlie intima of the aorta is not a necessary 
factor in the formation of siudi aneurysms. Furthermore he feels that 
when intimal tears do occur, they are ])robably secondary to the de- 
velopment of the aneurysm. 

(b) Of the many causes for rupture of the aorta, that due to pri- 
maiy degeneration of the media is of the greatest pathological inter- 
est. There may be several ty])es of medial degcnei’ation, including (1) 
that of Gsell and (2) that of Babes and Mironsehu. Of these that of 
Gsell stands out as an accepted histological entity. GseH*'' first de- 


scribed the condition in IhlS and later Erdheim,^*' i-eporting two cases, 
gave it the name “medio necrosis aortae idiopathica cystica.” Since 
then about twenty cases in all have been reported by various authors, 
including Klotz and Simi^son.'’ Tyson.*' itlority,.” and Levinson.'^’* This 
degenerative change of the media is not necessarily associated with 
any atherosclerotic changes in the intima and occurs in young adults 
as well as in older pco])le. It is characterix.ed by necrosis of the media 
and at times of the intima. Usually it is found only in the aortic arch 
but is especially marked in the aseending portion where the rupture 
and dissection of the media invariably l^egin. Occasionally the whole 
aorta is involved. Pi’actically all deaths in this condition were due to 
cardiac tamponade due to secondary rupture into tlie pericardial sac. 
Histologically there is a bland patchy or bandlike necrosis, most 
marked in the middle portion of the media, atl'eeting first the smooth 
muscle cells, Avith karyorrhexis and then complete necrosis, leaA’ing a 
pale acidophilic homogeneous material. Later the more resistant con- 
nectiA’^e tissue cells and elastica .stain poorly, fragment and gradually 
fade into the same homogeneous light pink staining debi’is. iiloritz^'' 
folloAA'ing Schultz desci’ibes this tissue as ehromotrophic substance and 
belicA'cs that it is deposited about the clastic fibrils and predisposes to 
their degeneration. The aorta may rupture at this stage or the degen- 
eration may proceed to cyst formation. Erdheim'"'’ describes a healing 
process in AAdiieh the cystic areas contain scattered stellate connective 
tissue cells (not scar tissue), or the healed areas may liquefy to form 
serous c.ysts. The process from the onset is free from inflammatory 
cell infiltration, there may or may not be fat droplets in the smooth 
muscle cells and about the elastica. Moritz^'' found finely granular 
deposits of calcium in the ehromotrophic substance. 



nark and WEliDS: 


RUPTUUK Dl" AORTA 


san 


Ti. pnthogcncsi. oi medial -“■f;;;;';;,;:;’;;;:;;!;;,. 

Moritz,” 


.eelaeiou ot " rtisUud.ancos, Kloia,'- 
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iiei Movilz” lomid cl.vomalvoiduc substance m six ol seycntj adu I 
aortas and suggests an involutional or sencsceut. cbange. I bcones of 
::ige„ous iiolsous (adrenniin and uieotinc). poisonous pro nets o, 
metabolism aiul vitamin clofiei(mey have been a«Uancul. Dun 1 • 
demons! rated lucaiul chauircs in animal expenments !ol!<)\vm<r Iho m- 
jection of diphtheria toxin; these are said to he very similar to the 
patchy medial destruction in man. Unusually frmiuent or severe in- 
fectious diseases liavc not been elicited in the histories of these fre- 
quently healthy appearing individnals with medial necrosis. The so- 
lution awaits further investigation. 

Babes and ^lironschiU^ dc.scribe as a disease entity, “ ^Icsarteritis 
dessoeaiis,” a very nnnsnal typo of degeneration in the aorta. Their 
case is from a fifty-one-year-old woman who died suddenly of a nij)- 
tured aorta. In the media of this vessel were small foci of thielcenejl 
elastic fibers enclosing spindle-shaped clefts. There u’ere .sy.steni.s ol 
confluent cleft.s, where, the clastic fibers were torn, and about these were 
large monoiuiclear cells and small hemorrliago.s; )iere /md there were 
areas of fatty degeneration which at. first were localized exelnsively in 
elastic fibens. The heavier lamellae wore enclosed in fat. while tlie 
smaller fibers contained fat., and this increa.sed at tlie expense of the 
elastic tissue. There were some calcareous changes, eonneclive tissue 
proliferation, round cell infiltration about tlie va.sa vnsoriim and siderotic 
changes in the intima. 

In reading the descriptions of the microseopic examinations of re- 
ported cases of rupture of the aorta one finds instances which do not 
fit into the classification noted above. A])pareiitly there are other less 
distinct types of degeneration of the aorta. There are also a number 
of spontaneous rnptiire.s reported where the authors vouch that there 
were no gross or microscopic ehange.s (Kaufmaii,'' Richey,-" Loelller.’' 
Pasekis,''^ Suss,-’"’ Arenhcrg,'" aud others), 

CASH REPORT 

The patient was a married phy.sician, hventy-niuc venrs old TTo «-nc i i 
to Research Hospital, .service of Hr. Rohert C Tmvl! ^ "dnutted 

preeordial pain of four days’ duration no hail li i ’ ‘‘'""I'’'""”!: ‘•luofly of .sevore 
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of opiateSj the pain remained severe through tlie niglit. The next day lie rode 200 
miles in a car and did some dancing. During the next two daj's lie was confined 
to his bed, had four or five mild chills with fever, and developed petechiae in the 
left axilla. On admission to the hospital he was orthopneic and extremely restless. 
He had a nonproductive cough, vertigo, general aching and marked perspiration. 
His respiratory rate gradually increased during his three days in the hospital from 
20 to 45 per minute. Tlie pulse remained about 125 and his temperature was ir- 
regular in its variation from 07° to 101° F. TIic physical examination was es- 
sentially negative except for a moderately enlarged heart, with a precordial thrill 
and a harsh blow filling .systole and most of diastole, heard oyer the entire chest 
but best at apex. There were a few blotchy fading petechiae in the left axilla. 
Blood pressure was 134/70 mm. Radiological examination indicated increased fluid 
in the pericardium and some cardiac lyvpertrophy. Routine blood and urine analyses 
were essentially negative. The Wassermann test was negative. Repeated blood 
cultures sliowcd no growth. Elect rocardiographically there were marked right ven- 



Fig-. 1. Fig. 2. 


Fig. 1. — Small tear of aiUentitia of aorta within a centimeter of its ba.se. Probe 
passes through tliis tear into dissecting ancur.\sni. 

Fig. 2. — The outer wall of tlie dissecting aneurysm opened and edges spread to 
show the separation of adventitia from media in lower portions and separation of 
several layers of media in upper portion, as well as Iiorseslioe rent of intima and 
media a few millimeters above the aortic valvc.=. 

tricular predominance, notched Pj, negative 1% and an increase in the ventricular 
conduction time. The patient died suddenly on his seventh day of illness. 

Autopsy . — The hcctrt weighed 500 mg. The pericardial cavity contained apitrox- 
imately 500 c.c. of dark red, friable blood clot. The pericardial surfaces were covered 
by flakes of fresh fibrin which were easily torn away from the surface. There were 
no fibrous adhesions and no gross evidence of an acute inflammatory process. A 
small tear, measuring about 0.6 cm. in diameter, was found in the adventitia of 
the aorta within 1 cm. of its base. Further ex^ploration revealed a communication 
through this hole directly into a dissecting aneurysmal cardty located between the 
adventitia and media in places and between the outer layers of the media in others, 
extending entirely around the aorta excepting for 2 cm. on the concave aspect where 
the layers had not been separated, and extending up the main branches of the 
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nortic arch for a short distance, involving the entire aortic arch and about o cm. 

Ihe thoracic aorta at which point it re-entered the lumen of the aorta. ^ 

horseshoe-shaped rent through the media and intima on its anterior and right lateral 
aspect the two points beginning within a few millimeters of the level of attachment 
of the aortic valves, extending 3 cm. upward on one side and 2 cm. on the other, the 
two lines communicating by a curved line about 3 cm, long. The exposed inner 
surface of the adventitia was a dark red color and showed deposits of tibrm. The 
intima showed a few small scattered yellowish plaques located in the first 2 cm. of 
the ascending aorta, the largest of which measured 3 mm. in diameter. The aorta 
measured 9 cm. in circumference at its valves. The aortic end of the ductus 
arteriosus was patent, into which a 1 mm. probe could be inserted to tlie point of 


occlusion in the wall of the puhnonary artery. There was a definite smooth con- 
stricting hand located at the level of the left subclavian artery (coarctation) ; at 
this point and beyond it the aorta measured 4.5 cm. in circumference. The aortic 
valves showed rather extensive fenestration, and there was a slight increase in their 
filirous tissue. The mitral valve showed a definite thickening of its edges due to 
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Microscopic Examinaiion. — Heart.: Multiple sections taken from this organ 
showed the muscle fibers well stained and their cross striations distinct. The nuclei 
showed no changes. There was slight increase in the amount of interstitial con- 
nective tissue. The pericardium .showed .slight thickening, possibly due to edema, 
and also had a scattered lymphocytic and plasma, cell infiltration. Occasionally 
small fiakes of fibrin were seen on the pericardial surface. Sections through the 
coronary arteries showed an advanced sclerotic process characterized by marked 
intimal thickening throughout the circumference of the vessel, which appeared as 
degenerated or necrotic tissue arranged in a bizarre manner and taking a slight 
pink stain. This degenerative change involved the entire intimal layer of most of 
the circumference and the media, e.vcept for a few muscle fibers in its onterino.st 
layers. 

Aorta: Sections taken from the immediate vicinity of the rupture .showed an 
extensive retrograde process involving especially the central portion of the media, 



Fig. t. — ^AVeigert’s elastic stain (low power). Medial neero.sis witli loss of elastic 
and muscle fibers and their replacement by homogeneous and fibrillar material. 

Pig. .5. — High power magnification of Fig. ■!. 


where there was a bandlike necrosis. In places this extended to involve the entire 
media and intima, and in others it was i):ttchy in its distribution. Those very 
markedly involved areas were characterized by eomiiletc loss of cells, there re- 
maining only a very light pink staining shadow of a few of the former colls and 
elastic fibrils. As stated, this necrosis of the tissues was evidenced 2’i'bnarily in 
the medial portion of the media; however, in the same section one could notice a 
similar process diffuse and jiatchy in its distribution, involving the entire media, 
and at times the intima, throughout the sections taken from the ascending portion 
of the aortic arch. There was a marked diminution in the number of cell nuclei and 
elastic fibrils throughout the media, including the areas not necrotic. Sections 
taken from the descending portion of the aortic arch showed a much less involved 
tissue; however, there was still a central band of apparently necrotic medial cells 
of rather narrow breadth. Sections from the thoracic aorta showed an entirely 
normal cellular and elastic structure. The vasa vasorum in both the adventitia and 
media showed only sparse cellular infiltration, amounting to an occasional Ijanpho- 
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cyte or monocyte. This iiitiltnition was more oxleiisive in tlic iimiUMliatc region <if 
the dissecting aneurysm, hi a few sections where the disseefion wins between the 
media and adventitia one found definite long cracks rnnning in tin- longitudinal 
bandlike necrotic area of the media. Lining the aneury.snial walls was a rather 
thick layer of fibrin, and at times one would find fibrin in the c(>llular tissues in 
the inuncdiate ^^cinit^ of the anenry.smal sa<: as well as small ai'cninnlations of retl 
blood cells. Weigert’s elastic stains .showed almost comjdete loss of the sttiining 
properties of fibor.s in the regions of necrosis de.scribed abov.>, I'he elastic liber.s in 
other regions of the arch were badly fragmented and freqnentlv showed bulblike 
.sivclling.s. Fat stains showed only rare .small fatty deposits anywhere. Sections 
taken a short distance from the dissecting aneurysm showed no hemorrhages jmd 
no neutrophilic infiltration. There was no connective tissue proliferation in anv of 

the three layers. Cyst formation, occlusion of vasa vasornm or attempts at heaiiiu' 
conld not be found. ^ 

llicmcopl. sl,„l,v „f ,, 

hnigs and spleen but no other significant clmngc.s. 
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description of a :MOi\'-AURAD DIAPIIRAG^M H IP 01 
sSoLoPE with mSCUSSION OF ms SPECIAL 
FI ELO OP'’ USEFULNESS" 

lUiKGKrfs Gounox. Hi. I). 

PniiiAm-.'i-vinA. Pa. 

TT IS probable that iiiarkod varialion.s in .sound i)eraepUon exist, in 
1 individnnls with apparently normal hearin-. These, apart nun 
changes in the auditory apparatus, may be, due to eertam atmospheru- 
conditions, iatigue, and congestion of tlie n)>])er respiratory tract. P.e- 
cause extrinsic influences are variable it is <lifiu‘nlt to ap]n-ai.se the 
efficiency oi! hearing, especially in the perception of line gradations. 
This is in contrast with purely mechanical devices in which traiis- 
niission and reception of sound are controlled and studied with nice 
precision. 

Since few individuals hear exactly the same under all conditions, 
riuestious arise as to the elTicicnc.v ol instruments ior magnilying' and 
conveying vilirations which are, heard as sounds. In stelhoseojies tlie 
comparative value of the so-called hin-aural htdl type and th(' dia- 
phragm type has heen widely discussed. The accnrac.v of the “holU’ 
for the study of vesicular and loud bronchial sounds. iTiles and low 
pitched, rumhling, crescendo licart murmnrs is recognised. DilVer- 
ences of opinion exist eliicfl.v in the elicitation of higli pitched, faint, 
blowing heart sounds of aortic ins\ifiic.iency and faint, liigh pitched 
''bronchial'* respiratory sounds. Tlicse, acicordiug to some observ- 
ers, are heard satisfactorily with the diaphragm model. In order to 
obtain the advantages of both types the '‘hell” and "diapliragm" 
have been incorporated in tlie same instrument. Tliis is convenient 
and satisfactory for general use hut erilietsms have heen noted. It 
has been found e.specially that recejdion from the diaphragm sector 
is less distinct than from the single diapliragm model, and the bell .sec- 
tor gives marked exaggeration of the finer tones. This is attrihnted 
to the lack of iusulatioii between the two sectors and to one part’s 
acting as a resonator for the other part. 

In reviewing the writings of early clinicians, cspceiallv Lacnuce, 
oim is impressed with important observations made with the. ear alone 
or t ie simple stethoscope. It ma.y appear in comimrison that the re- 

^at can be obtaracd, Tl.is ,v.as ompbasizecl by L. A. Conner' in 
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an interesting paper on the limitations of the stethoscope. He pointed 
out that sounds which are faintlj'- heard or missed entirely may he 
heard clearly and sharply with the ear alone. A similar view was ex- 
pressed by L. P. Flick^ who has observed in studying diseases of the 
lungs for over fifty years that soft bloAving bronchial sounds exist- 
ing in the presence of vesicular sounds are lost through the bin-aural 
.stethoscope but Avith practice maj^ be heard clearly with the mon-aural 
type. 

It apiLears from these considerations that one stethoscope may not 
be suitable for all examinations. The ear alone, as pointed out by 
Conner, should be used far more frequentlj^ than is done by the 
younger physicians. Due to certain objections, which are largely que.?- 
tions of delicacy, hygiene or inconvenience, the use of some mechanical 
device is often required. 

In the development of the stetho.seope to be described, an attempt 
has been made to utilize, so far as possible, tlie mechanisms of air and 
bone conduction which are feature.s of the ear alone and the mon- 



Pig'. 1. — Tlie upper illustration shows the instrument witli the ear and chest pieces 
folded (for cair.vingr) against the stem. In the lower illustration tlie ear and chest 
piece a.s.semblie.s are open for use. The ball-and-socket joint construction is .shown. 


aural stethoscope. The effects of metal, rubber and tvood conducting 
media were especially studied. .Soft rubber tvas eliminated because of 
its damiung effect. Metal was selected in iireference to tvood because 
it has peculiar Amlues in transmitting sounds tvith a ringing quality. 
It is generally as satisfactory as Avood for the transmission of other 
sounds and is e.specially suitable for good Avorkmanship. 

DESCRIPTION OF A METAELIC MON-AURAL DIAPHRAGM STETHOSCOPE 

A standard diapliragm tj’pe of chest piece (Bowles) Avas modified as follmvs: 
(Fig. 1.) The weight of the chest piece was reduced one-sixtli, the clefts were 
obliterated, the dome increased to 3.5 mm. in depth. The chest piece diameters of 
2.5 and 4.5 cm. (tiA-o sizes) were retained. The opening between the chest piece 
and the stem was bored to a diameter of 2 mm. A circular base 1.5 mm. in rvidth 
Avas ground for contact rvitli the diaphragm, A hard rubber ring Avas screAved 
to the circular base and holds the diaphragm flush Avith the base. The rubber ring 
provides a Avarm surface for contact AA-ith the chest Avail and Avhen removed the 
instrument is converted into a “bell” stethoscope. The stem (12 cm. in length) 
AA-as made from lieaA'y brass tubing, the lumen Avas bored to a diameter of 1.5 mm. 



Gonnox: STETHOSCOPE O'K 

One end of the tubing was connected with the ohosi juece by inenns of a ball-and- 
socket joint, the other end, in a similar manner, to the ear ]>ieee assembly. The 
oar piece consists of a hard rubber disc (5.0 cm. in diameter molded to tit over the 
lobe of the car. The ball-and-.soeket joinl.s have counter sunk eo.nsl riietion n'hi<’h 
provides an opening through (he joints when the chest ;ind ear pieces are turned 
to anv angle up to llO", Heeause of this mecli.anism the instrument can be iidjusted 




~~ ~ — 

Showing the variou.s- po.sitions of tlie 

■•omoto parts of the che.s't-^'"'"'”'^''*-'’ when .stmtylng 
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easily for the study of remote parts of the chest. Tension springs are placed in 
the joints to prevent accidental turning of the ear and chest piece assemblies during 
the examination. For carrying in the pocket the ear and chest pieces may he 
“folded” against the stem. 

As in tlie evaluation of all stethoscopes, the question of individual 
preferences as well as the influence of physical laws must be consid- 
ered. As compared with the bin-aural diaphragm type in the study 
of heart murmurs there is less distortion of sound and usually fiuer 
definition. It is useful espeeiallyr in the eliciting of aortic murmurs, 
and the results are comparable with those obtained with the ear alone. 
Certain accentuating sounds existing- in the presence of humming or 
blowing noises may be heard with sti’ildng clearness. Amplification 
is usually greater than in the mon-aural bell tjqpe. In studying the 
lungs a most helpful feature is the transmission of soft blowing bron- 
chial sounds and rales with a ringing quality. Clinical trials do not 
suggest that the insti*umeut should replace other stethoscopes or the 
ear alone but rather that it may be employed as a supplementary in- 
strument. 

Remarks l)y Dr. Thomas McCrae . — It has been interesting to com- 
pare this mon-aural stethoscope made of metal with the usual one 
made of wood. The transmission of sounds is somewhat diiferent and 
on the whole the mon-aural metal stethoscope impresses me as being 
more useful than the wooden one. It is unfortunate for our educa- 
tion in auscultation that the mon-aural stethoscope is so i-arety used. 
After all the only advantage of the bin-aural stethoscope consists in 
its being more convenient. The mon-aural instrument transmits cer- 
tain sounds much better. No one should regard his education in the 
practice of auscultation as complete until he has learned to use a mon- 
aural stethoscope. For the auscultation of the heart it has many 
advantages; one feels the impulse at the same time as one hears the 
sounds. One has to leani to disregard sounds which enter by the 
unengaged ear, just as the impressions received bj’’ the eye which is 
not used with a microscope with a single eyepiece are not pei’ceived. 
The other eye is kept open but the images do not register. It has 
often interested me to see the surprise shown by a man who uses a 
mon-aural stethoscope for the first time, as many regard it as an an- 
tique instrument of historical interest onty and markedly inferior to 
the bin-aural form; a trial usualty shows the contrary. If you are 
one of the unfortunates who has to close the other ear to hear what 
is transmitted bj^ the mon-aural stethoscope, then, of course, it is not 
so useful. 

While Dr. Gordon has emphasized the emplojunent of this instrument 
in the auscultation of the heart, my feeling is that for the study of 
certain pulmonary sounds it has distinct advantages. One cannot 
describe the differences in sounds ; only an individual trial can demon- 
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stralc them. The use of the inon-nura! instninieiit is well worth while 
bv every one who wishes to improve himself in anseiillnlion. It 
would he a jiood thiuf^ if every interne had to nse, a mon-aural stetho- 
.scope fora time. It may he added that many of ns forfrel. that direct 
auseultation is often valnahie. It should he used moi-e than it is. 

The failure of the hin-aural stethoseope to transmit elTeetively the 
soft hlowinfr hip:h pitched heart niurmnrs and i'crtain ptdmonary 
sounds has been noted. It has been ohserv<’d in eontrast that these 
may he heard (dearly a!id sharply with the ear aloin; or with a m(>n- 
aural stetlioseojH'. A mon-ain-al diaidwajrm tyjne (d' stethoseope whieh 
ulilir.c.s the mechanisms of air and hone (^ondnelion and is easily ad- 
justed for the spetdal examination <»f renude parts nf the <diest is 
dc.scrihed. With invictiee the insfriimeut is csiieeially idTmjtive in 
transmit tinjr soft hlowinj.' and rinuin"' sounds and certain other pin'- 
nomena not clearly h(*ard with the hin-anral “heir* or •Miaphra'rnr’ 
stethoscope. 

The inslruiiicnt if* niaiitifnctintd l>v tlic (mu. P. Pillinj; rin«5 .'-'nii ('oiJijsniv. 
I’liiladt'lpirjn. 

in:ri:fn:.N'<;i:s 

1. (’oinior, L. A.; On .s-ntne Aooustif f, imitation'' nf tlif Sii tlni'.cnjMv -jinl Tlii-ir 

Clinical Importanco, New YnrV. M, .l„ .Tidy, tl> 07 . 

2. nick, Tj. F.: I’crsoimi coinmiinimtidn. .Vjiril is. luaa. 



REPORT OF A CASE OP PAROXYSMAL VENTRICULAR 
FIBRILLATION IN RELATION TO QUINTDINE 

THERAPY^" 


Roberto P. Escamilea, jM.D. 

Boston, Mass. 

T he beneficial effect of quinidine sulphate in Ihe treatment of tachy- 
eardia.s of ventricular oi’igin i.s well recognized. There are numer- 
ous reports of cases in which the ventricular tachyeai’dia. has been 
stopped or the frequency of the attacks greatly diminished by its use. 
This subject has recently been well reviewed by S. A. Levine and 
Fulton.^ 

The relation of quinidine sulphate administration and ventricular 
fibrillation is not so clear, primarily because of the rarity of the condi- 
tion and the difficulty in making clinical obsciwations as to the efficacy of 
such treatment. Kerr and Bender- report a case in which attacks of 
ventricular fibrillation occurred when quinidine .sulphate was admin- 
istered, and Davis and Sprague-'' report death fi-om ventricular fibrilla- 
tion in the course of quinidine therapy. Dock,-* howevci-, reports a 
ease in which a maintenance dose of (piinidinc prevented attacks of 
paroxysmal ventricular fibrillation. Furthermore, H. D. Levine® re- 
cently demonstrated in the experimental animal that quinidine has 
an inhibitoiy effect on ventricular fibrillation and makes it more dif- 
ficult foi- the irregularity to develop than in the control unquinidinized 
animals. 

This case is being reported becau.se of the comparative rarity of 
paroxysmal ventricular fibilllation, and as an illustration of the effect 
of quinidine sulphate in the condition. 

case report 

J. D. (Med. 41316), a sixty-year-old, wliite, unmanied janitor was lirst admitted 
to the medical service of the Peter Bent Brigham Hospital on June 23, 1932. He 
complained of “fainting spells.” 

The family history was not remarkable except that one brother and one sistei' 
died of cardiovascular disease. The past history was negative. There was no his- 
tory of rheumatic fever or syphilis. 

The present illness began two years before when he first noted a feeling of full- 
ness in the epigastrium which seemed to rise and cause a sensation of pressure in 
the throat. He thought he had ‘‘indigestion.” Following one of these attacks 
he lost consciousness for a few minutes. He then consulted his physician who dis- 
covered hypertension and put him on a diet. No digitalis was given. His attacks 
of discomfort decreased in number, but during these two years he had two more 
“fainting spells.” Four months before entry he noticed that the attacks of full- 
ness in the epigastrium were accompanied by some numbness and tingling in the 

left arm. 

the Medical Clinic of the Peter Bent Brigham Hospital. Boston. Mass. 
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On the day before admission iic experienced such an attack and that night, -while 
walking from one room to another, he suddenly became very dizr.y and »nd 

feU to the floo'r. According to family reports he was unconscious for about fifteen 
minutes. He then remained in bed, but on the morning of entry liad another attacc 
of siTicone shortly after awakening. There were two more “fainting spells be- 
fore admission that afternoon. He denied having experienced any prccordial pain 
or palpitation and between attacks had noted no dyspnea, orthopnea or ankle edema. 
He had continued his work ns a janitor in a lithograjihing plant until he was laid 
oft' two months before admission. 

Physical examination revealed that the patient was moderately obese and in no 
apparent discomfort. The optic fundi showed moderate evidence of retinal sclerosis. 
The heart was moderately enlarged, with a diffuse apex impulse. The left bordei 
of dullness was 11.5 cm. from the midsternal line; right border of dullness was 



and the rate was SO um- . ’ except for occasional extra.systoles 
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A seven-foot roentgen-ray examination of the liea'i't thirteen days after admission 
showed enlargement both to the right and to the left with a rather blunt ventricle 
suggesting hypertrophy. The aorta was tortuous but not dilated. ITluoroscopic 
examination showed a regular vigorous beat with a fairly marked expansion of 
tlie aorta. The cardiac measurements were: Midline to right border C.l cm., mid- 
line to left border 9.3 cm., great vessels 5.5 cm., internal diameter of the chest 
29.8 cm. 

Course During the First Admission . — On the afternoon and evening of admission 
the patient had three attacks of syncope and numerous attacks of transient vertigo. 
Clinical observation disclosed that the normal rhythm was never free of occasional 
extrasystoles, and preceding an attack of vertigo these would increase in number 



Pis'. 2. — (Lead 11 only) Showing- increasing numbers of extrasvstoles which generally 
preceded attacks of ventricular tacliycardia. 



Fig. 3. — (Lead II only.) A continuous strip and shows approximately the last half 
of an attack of ventricular tachycardia with recovery and return to normal rhythm. 
The total duration was ten seconds and the rate reached 214 per minute. It was dur- 
ing these attacks that the patient felt agitated and dizzy and complained of epigastric 
fullness. 

.so that the rhythm became ve:-y irregular. TJiis would finally lead to a short tachy- 
cardia lasting from seven to eleven seconds during which the Tate urns 180 to 200. 
At this time the patient became very agitated, dizzy and moderately cyanotic. He 
complained at such times of a feeling of fullness in the epigastrium rising to his 
throat and causing a sensation of pressure there. These were similar to attacks 
he had had before entering the hospital. The tachycardia stopped abruptly and 
was followed by a diminishing number of extrasystoles; the heart gradually re- 
t rning to its normal rate of about SO. Several of these attacks of tachycardia 
■with the transition to and from normal rhythm wore recorded bj- the electrocardio- 
graph. 


ESCAMILLA: EAKO.WSMAL VEXTUICULAU ElUKILl.ATiON 

The syiieopnl attacks started in the same way except that aaer a sluyrt 
carclia the lieart sounds and ])ulsc disajipeared. At this point his brcatliiiifr 
become stertorous and his color livid. The. eyes were rolled back and he 
thrash about on the bed. Tlio duration of the attack.s varied from fifty seconds 
to three minutes, and during the longer periods respirations ceased after approxi- 
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with a few gasps. Tliere would be a concomitant improvement in color, and the 
patient generally returjied to consciousness, usually remarking about the severity 
of the attack. On a few occasions he remained disoriented for as long as one to 
two hours after the attack. 

The third attack after admission was recorded completely by the electrocardio- 
graph, and the oral administration of quinidine sulphate was then instituted. In 
the twenty-four hours before the medication was started, the patient had had seven 
syncopal attacks. 

That evening he was given two doses of 0.3 gm. each of quinidine sulphate, the 
last at midnight. On the second day he was given 0.3 gm. at 10 A.jr. and 0.5 gm. 
at 2 P.Jr. and G p.m. He had two short syncopal attacks that afternoon, but that 
night at 2.;40 a.m. he had a severe attack from which he did not completely recover 



Fig. 5. — (Leads I. II and III) Taken during the second hospital admission when tlie 
patient was receiving large doses of quinidine (0.5 gm. 5 i.d.). Showing nodal rhythm. 


for two hours. The heart late did not return to normal, but frequent extrasystoles 
kept it irregular at a rate of 120 per minute, and the patient remained agitated 
and markedly disoriented for approximately one hour. He then partially recovered 
and was given O.OOS gm. of morphine sulphate hypodermically. This quieted him, 
and after another hour he returned to sleep. 

It was then decided to decrease the time interval between the last dose of quini- 
dine in the evening and the first dose in the morning, and on his third day tlie 
patient received O.o gm. of quinidine at 10 a.m. and 0.4 gm. at 2 p.m., G p.m. and 
10 P.il. On the fourth day he was given 0.4 gm. five tunes, the first dose at G a.m. 

d the last at 10 p.m. There were no further syncopal attacks during the hospital 
sHv and on the sixth day reduction of the dosage was started. On the eighth day 
w wns allowed out of bed, and by the tenth day he was receiving only 0.3 gm. of 

quinidine three times a day at and ^p m 

was reduced to 0.3 gm. twme a day at 8 a.m. and .. . 
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Bv file tenth ihir his wliito Blood cell count had fallen to (vloO pc'!' c. aim. and 
Ids mine had cleared completely. His temperalnre whieli was elevated to Pir F. In 
the afternoon during his first week in the hospital remained below h\ there- 

after, The blood pre.';siir{> showed a grailnal elevation and on the fifteenth das 
was 174 mm. systolic and SS mm. diastolic. 

The patient was discharged from the hospital eighteen days after admission feel- 
ing quite well. He was advised to take gm. of quinidine sulphate at S A.M. and 
S r..'r. every day. 

Intevvnt ]iistor)i. — ^He returned live weeks alter discharge to leport that on a 
regime of limited activity he had had several bouts of “gas’’ and one attack ol 
syncope. He had been taking his (piinidine regularly. Tlie bonfs of “gas’’ were 
essentially the fullness in the epigastrium useending to the neck as described betore, 
associated with numbness in both arms and transient vertigo. The syncopal nltaelc 
had occurred while ho was asleep, and according to his family who were aroused 
hy his .stertoTous hreathing. it lasted only n few minutes. He felt perfectly normal 
after the attaek. Physical examination at the time of tin* vi.sit showed no <diang(?. 
The heart was slow and ri'gular exei'pt for ocensionni extnisystoles. 'I’ho blood 
pressure had risen to 2d0 mm. systolie, and 0l> mm. diastolie. Hecanse of the .«yn- 
cop.'d attack lie was advise;! to inermise his daily dose fif ([ninidine to (k-l gm. three 
times a day to be taken at S A.M., 2 r.M. and .S I’.M. An elect roeardiogram 
taken at that time .‘<howed nodal rhythm and left ventricular jrreponderanee. The 
rate was CO. 

Hi.s next vi.sit was three weeks later (two months after disehurge). He had had 
no further syncopal attacks. His heart rhythm was regular, rate SO. 

He fell well until four and a half months after discharge when on November 
2.'*, in.q2, he had a syne.ojial attack shortly after awakening. He remained in bed, 
hut had three more during the day and was advised hy his physician to reenter 
the Iiospital. 

Su.mmary of the Second Jlosiiitdl Admission. — Physical examination was e.s.sen- 
tially as before with the blood pre.ssure at 1515 mm. systolic and (>S mm. dinstolii-. 
Examination of tiic heart showed frequent extras.vstoles witli occasional Vegnlnr oc- 
currence causing apparent coupling. Scvernl short runs of (uglit to ten 7'a])id beats 
were noted. 

The quinidinc dosage was increased gradually until on the fifth day lie was re- 
ceiving O.o gm. five times iv day. At this point his attacks of syncope ceased. Ife 
liad then had nine syncopal seizures in five days. Four days after his last attack 
he was allowed out of bed and the qiiinidine was diseontinned. The lack of niodi- 
cation worried him so placebo pills we're substituted. However, he had no more 
attacks and was discharged on the eighteenth day witli instructions to resnmo qnini- 
dinc 0.3 gm. at 7 A.M., 2 I’.xi, and G I’.M. 

A seven-foot roentgen-ray oxuminatiou of (he heart taken during this ndmissioii 
showed a definite increase in the heart .size .since the previous examination, more 
marked to the left. Measuremonts were: Midlinc to right border 5.2 cm., midline 
to left border 10.0 cm., great A’c.ssels 5.6 cm., internal diameter of the chest 20.0 cm. 

Interval lli story. —The patient returned home and led a .sedentary life, takin*-- 
qumidinc three times a day as instructed. On this rdgime he felt well except, for 
occasional dizzy spells. However, two weeks after cliscimrgo he had a tvpicnl svii- 
copal attack, and two days later had four more attacks, one of which was said ’bv 
his family to be particularly severe. He voluntarily increased his quinidinc to o’;’. 

morning, however, he had another svncopal seiznvo 
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Or the afternoon of admission it was decided to try the effect of immediate 
withdrawal of the quinidine. At this point the patient had had six attachs in four 
days. Placebo medication was again substituted, but he had no further attacks, 
his heart remaining regular at approximatel 3 ' 50. 

On the seventli day he was allowed out of bed, and as his activitj' increased, he 
again began to have extrasystoles. These gradually increased in frequency until 
on the fifteenth daj" periods of coupled rhj'tlun were heard. On the sixteenth day 
he had another sjmcopal attack and was again kept in bed. The attacks ceased, 
but frequent extrasj'stoles were still hoard. 

On the seventeenth daj’- quinidine sulphate was resumed. However, he again be- 
gan to have attacks, and the dosage of quinidine was increased until on the twenty- 
third day he received 0.6 gm. four times. At this point the attacks again ceased, 
and as the patient was complaining considcrablj' of vertigo and tinnitus, the dose 
was cut to 0.4 gm. four times a daj’’ where it was maintained. During the preceding 
seven days he had had eleven attacks. 

He then had no further sj'neopal seizures, and on the twent 3 ’’-sixth da}' was al- 
lowed out of bed. His heart remained perfect]}’ regular on normal activity about 
the ward. Quinidine was again discontinued on the thirty-fifth da}’, no placebos 
being substituted at this time. That night, eight hours after his last dose of quini- 
dine, he had a spell of transient vertigo, but thereafter his heart rhj’thm became 
perfectl}’ regular and remained so through the fortj'- third day. The patient’s gen- 
eral well-being seemed to increase and he felt quite normal. 

During this admission he continued to run a slight elevation of temperature to 
between 99° and 100° F. Avith a leueocj'te count that varied betAvocn 14,200 and 
7,400 per o. mm. His urine showed a slight tmee of albumin on entrjq but then 
cleared complete!}’ and phenolsulphonephthalein excretion in the urine was 53 per 
cent in tAvo hours and ten minutes after intramuscular injection. 

DISCUSSION 

From the observation of this case, no definite conclusion can be 
dranai regarding the value of quinidine snlpliate in preventing ven- 
tricular fibrillation. During the first ttvo admissions it seemed that 
the increased dosage of quinidine was responsible for the cessation of 
the syncopal attacks, hut ^vithdrawal of the quinidine shortly after 
entry on the third admission had the same result. A maintenance dose 
of quinidine kept the patient well for a time, but repeated syncopal at- 
tacks were liable to recur and similar periods of freedom from attacks 
were obsen^ed without medication. 

The time relations between the attacks and the ingestion of the 
quinidine were noted on the second and third admissions. Several of 
the attacks were in the early morning before the first dose. Diu’ing the 
second admission the shortest interval was rivo hours and tliirty-five 
minutes after a, dose of 0.3 gm., other short inteiwals being three and 
three and one-half hours after doses of 0.5 gm. One attack started five 
minutes after the drug was taken, but this interval was too short for 
the quinidine to have talien effect. During the third admission tAvo 
syncopal attacks oecun-ed one and one-half hours after doses of 0.5 gm. 

All medication was oral. _ _ 

It seems logical to conclude that since quinidine prolongs the re- 
fractor}^ period of the heart muscle, its use should help to prevent 
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ventvici^lav fibviUatlou, as it appamUly does ventricular (ncl)>c;u 1 . • 
HoAYOvor, Davis and Spva^iiuc--’ and Duvis« believe that it, is le nonnn 
conduction system that aids in preventinji tlie onset, oi fibrillation and 
reason that, if the eondiie.tion fibers are already damaged, the toxic e - 
feet of the. qiiinidine ^Yonld further depress their function and out - 
\Yei"li the effect on the ventricular muscle. The drug would, therefore, 
allow fibrillalion to start more easily, ftehwart'/.' and Schwartz am 
Jezer^ have recently reported several cases of ]iaroxysmal vontrieiiiai 
fibrillation, all of which showed evidences of eonduetion .system damage 
in the form of complete heart -liloeU. Tliey did not mention the use of 
qiiinidine in any of these <‘ases. 

The case liere reported has shown no evidenee of eonduetion s>.stem 
damage, .so should Iiave been an id(*al oin* to demonstrate the value of 
the drug in jirevenling fibrillation liy its action on the ventricnlar mus- 
cle. Although observation of llie ea.se ovto* a period of seven months 
gives the im])reSsSion (hat quiniditu* suljihate is of some henefit, it has 
been impossible to prove llic fact concln.sively. 


SUMMAUY 

A case is rejiorted wliieli .showed syncojinl attacks proved by the 
electrocardiograph to ho due to transient ventricular fibrillation. The 
attacks were usually preceded h.v increasing numhers of ventricular 
e.xtrasystoles lending into .short runs of vontrieular tachycardia. Ther- 
apy with qiiinidine sulphate, in varying doses was ti-icd over a period 
of seven months with control periods during which llic ding wa.s with- 
held. During this time there were three liosqiilal adini.ssion.s. From 
these obseiwations it .seemed (hat (juinidine was of some value, hut the 
effect ivas not iuvariahle enougli to enable one to draw any absolute 
conc]usion.s as to its efficacy. 


I wish to thunk Dr, S. A. l,ovi;u‘ I'ov his holp niiil .mjggc.Rtiotis in tho prcpanitioji 
of this casG report. 

UEFEREXCES 

1. Levine, S. A., and Fulton, At. yr. : The EflTce) of Quinidino Sulphate on Ven- 

tricular Tachyca’rdia, J. A. :^r. A. 92: 11G2, 1929, 

2. Kerr, W. J., and Bender, W. L.: Paroxysmal AKuitricular Fibrillation AYitli 

w V Auricular Fibrillation and Coinpletc ITearl- 

o TV ? Wlnle Under Quinidino Snlnhntc Tlicrapy, Heart 9; 209 10^1 

I,, K„„,iU 'r„ k™,,. 

^°'prevm;t5|rby'Sinidbm^ 

' ™?n aI: at jLf Jfsos,"”.,!?''''*' rn,riii„. 

»t *'«> Nalnro of I,,< 

' IsS Vonfrionlar Fibrillnlio,,, Aroh. Int. M«!, W, 2S2, 

'■ “''SSmo&oBmpMrBlotiM Clioicol 

Heort-B,„et,SA,Sri„T MS,1o!'45Tl93r^^'^^ ““"'P'"!' 



Department of Reviews and Abstracts 


Selected Abstracts 


Callow, Bessie B.: Bacteriologic Investigation of the Blood in Bheiimatic Pever. 

J. Infect. Dis. 52: 279, 1933. 

The original object of this investigation was to demonstrate the presence or 
the absence of microorganisms in the blood stream of patients with rheumatic 
fever. Cultures were made of the blood of 174 patients; 60 per cent of these were 
subject to blood culture from two to seven times, and a total of 367 cultures 
was examined. The blood was also studied in a series of patients who gave no 
history of rheumatic disease. 

The frequent isolation of Streptococcus viridans and of pleomorphic bacilli from 
single and repeated blood cultures of patients with rheumatic fever in which 
the type of organism seemed to bear no relation to the stage or manifestation 
of the disease and a similar incidence of the same types of organisms in blood 
cultures of patients with nonrheumatic diseases who gave no history of rheumatic 
manifestations stimulated a study of the organisms from the point of view of 
their morphologic and cultural characteristics, biochemical reactions and serologic 
behavior. 

The majority of the stJ'ains of Streptococcus viridans from blood cultures of iheu- 
niatic and nonrheumatic subjects were identified as lanceolate cocci and diplococci, 
all of which had similar cultural characteristics. A large proportion of the strains 
tested (63 per cent) feimented mannite and belonged mostly in the Streptococcus 
faecalis group. Other strains from the two sources were grouped with Streptococcus 
salivarius and Streptococcus mitis. The application of the bile-heat-esculin test fur- 
ther correlated all diploeoccic strains fermenting mannite, whether of rheumatic 
or nonrheumatic origin, with members of the enterococcus group. 

Strains of pleomorphic bacilli from blood cultures of rheumatic and nonrhcu- 
matic subjects were similar morphologically, culturally and biochemically. 

The bacillary and streptococcic strains varied not only in morphologic and 
cultural characteristics, efi:ect on red blood cells and serologic reactions, but 
also in metabolism. The bacillary strains are obligate aerobes, are biologically 
inactive to sugars and form catalase. The streptococcic strains are facultative 
anaerobes, are biologicallj^ active to sugars, and produce dioxide. 

Six experiments are presented which illustrate that under controlled conditions 
selected strains of pleomorphic bacilli were transformed into diplostreptococci of 
the green and hemolytic types. The coccic derivatives were similar in all respects 
to the diplococci originally isolated from the blood cultures of rheumatic and non- 
rheumatic subjects. 

A definite antigenic relationship was established between selected strains of 

1 0 Orphic bacilli and their coccic derivatives, also related coccic organisms 
^b th original and derived) by means of reciprocal agglutination and absorption 
+ t These principles were applied to the study of pleomorphic bacilli and 
stroptocoed from ropo.tml Hood cpltprco of Iho snn.o patient. 
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Reciprocal agglutination and absorption tests also identified strains of plox)- 
morpWe bacilli from repeated blood cultures of several patients 
in the identification of the coccie derivatives of selected bacilbuy stra i s. 

It was possible to group 21 streptococcic strains (including 2 strains from pa- 
tients with subacute bacterial endocarditis and some coccic derivatives) Ironi 
blood cultures of rheumatic and nonrheumatie subjects into one ma.ior group am 
four subgroups by means of the reciprocal tests. A large senes of additional 
strains from these- sources also showed some relationship to the ones in 1 le groups 
defined. The disease in question, liowevcr, whether rheumatic or nourlunimalic, 
did not appear to be a determining factor in the relationships disclosed. 

With one exception, it was not possible to demonstrate agglutinins for tlie 
homologous organisms in the scrum of patients with rliouniatic fever taken nt 


frequent intervals during the course of the disease. 

From these studies the author concludes that diplostrcptococci (alpha tMu ) 
and pleomorphic bacilli may be recovered repeatedly from the blood of patients 
with rheumatic fever and certain diseases mostly of the upper respiratory tract. 
These organisms apparently represent stages in the life cycle of the same or- 
ganism. A specific etiologic relation.ship between these orgnnisnis and rheumatic 
fever is questioned. 


Hitchcock, Charles H., and Swift, Homer P.: The Agglutinating Properties of 
Exudates Prom Patients With Rheumatic Pever. ,T. Clin. Invostigntion 12; 
G73, 1933. 


During the course of a search for agglutinins and prccipitins in the body iluids 
of patients suffering from various acute manifestations of rheumatic fever, it 
was observed that exudate obtained from the knee during the cour.«e of an acute 
arthritis possessed a marked capacity to cause ilocciileiit growth (tlirond reaction) 
■of a certain strain of Streptococcus hcmohjticus. This strain had been kept in the 
laboratory for many years on artificial media. So striking was this effect noted 
at times in a dilution of 1:10,000 of the exiidntc tlint it seemed desirable to e.\- 
tend the observation to other organisms, as well as to ineludo exudates from con- 


ditions other than rheumatic fever. 

Joint, pleural and pericardial exudates from patients with rheumatic fever 
caused clumped growth of certain strains of hemolytic streptococci and staphylo- 
cocci when tested by the thread rcaetion. Certain otlicr varieties of bacterin arc 
unaffected. This property is possessed in lcs.sor. degree bv exudates from non- 
rheumatic patients. 

It was found that old laboratory strains are suitable for demonstration of tlio 
reaction, while freshly isolated strains arc usually unsuitable. The active mate- 


It IS concluded that these observations have 
question of the etiology of rheumatic fever. 


no necessary bearing upon the 


Be^on, Robert L., Hunter, Warren C., and Manlove Cliarlds H • . 
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arteriosclerosis of tbc coronary arteries. The cases are analyzed in detail and 
classified in groups. They have been studied particularly from the standpoint of 
location of the rupture. It ivas noted that in this group cholelithiasis was coin- 
cidentally present in 17.5 per cent of the cases. 

Herrmann, George, Schwab, E. H., Stone, C. T., and Marr, W. L.: On the Advan- 
tage of Alternating the Vegetable and Metallic Diuretics in the Treatment of 
Edema of Congestive Heart Failure. J. Lab, & Clin. JL 18: 902, 1933. 

Clinical evidence seems to substantiate the idea that purine diuretics act pri- 
marily by increasing the glomerular filtration fate, while the heavy metals accom- 
plish their results principally by decreasing the tubular reabsorption. Advantage 
was taken of these hypothetical considerations of the two different modes of 
action of the two diuretic drugs in the hope of getting better results by rational 
pombinaticn regimes. Distinctly practical advances in the treatment of the 
vicious circle of edema in congestive heart failure arc demonstrated by the study. 
The purines and heavy metal diuretics can be so combined (1) as to produce 
diuresis when either one of the drugs used alone in maximum dose has been in- 
effectual, (2) as to accomplish the greatest possible diuresis in the shortest inter- 
val of time, (3) as to obtain a i)crfectl 3 ' satisfactorj' diuresis bj' smaller and 
absolutelj’ harmless doses which alone would prove inadequate. 

Zierold, Arthur A.: The Siurgical Treatment of Arterial Embolism. J. A. M. A. 
101: 7, 1933. 

The author reports a series of 20 cases of auricular embolism in 11 of which 
surgical treatment was undertaken. The operation consisted of the exposure of 
the affected vessel at the site of obstruction and the removal of the obstructing 
embolus and thrombus bj' artoriotomj'. In one case the femoral vein was ligated 
and the artery was not opened. A discussion of the phj-sical signs bj' which the 
cases may be selected for operation together with important secondary* procedures 
in the treatment of these eases is presented. 

In view of the fact that arterial emboli are not uncommon phenomena, espe- 
eiallj’' in association with heart disease, this principle of treatment should receiv'C 
active consideration from phj'sicians. If the location of the embolus can be identi- 
fied and is in some accessible part, such an operation should be comtemplated. 
The author believes there is no simple operation in surgery so eminently satis- 
factory or attended by great potentiality for good as arteriotomy for arterial 
embolism. 

Bass, Murray H., Mond, Herman, Messeloff, Charles R., and Oppenheimer, Enid 
T.: Systolic Murmurs in Children. J. A. M. A. 101: 17, 1933. 

Sixty-four children with systolic murmurs, both organic and functional were 
studied clinically and phonocardiographically; the records of all the murmurs con- 
tained vibrations of high frequency. Eighty-six per cent of the functional cases 
presented high-pitched vibrations only, while organic cases revealed low as well 
as high-pitched vibrations. This suggests an additional means of differentiating 
between the two types of murmurs. 

Irvine-Jones, Edith: Acute Rheumatism as a Familial Disease. A. J. Dis Child. 
45; 1184, 1933. 

This study of rheumatism was undertaken to show the relative importance of 
heredity in constitution contrasted with infectivity as factors in the occurrence 
f the disease Five hundred families with rheumatic members were investigated 
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la St. Louis u„d Torouto, Couuclii. Tho.su fnmiUus rcpropoutcl .noro Ihuu 800 
'"hrS the impressiou i., uour,n„o,l thui touOs .« u..lnd< 

Jo turoL uLher iu u family. II h«a lmc„ shown that the .ncjloncu , , 
multiple eases in families was about equal in Toronto ami SI Lmns 
the number infoefed por family was hieher ami Iho nf-e of onset lower in or n . 
Simultaneous attaehs were shown lo be frequenl. It has boon .shown nlso a 
rheumatism is more common in the more distant relatives of rheiimnlie taiiiilic^s 
than in those of controls. It affected both of two pairs of identical twin.s sinnil- 
taneously but only one set of each pair of Ihe dissimilar twins. Tins condition 
was also commoner in the families in wliiel, the father was affected, which would 
surely not be the case if contagion were the prime factor. Ehcumulism tended 
to occur in blond and red-haired persons, particularly in tboso with bluish yellow 
or hazel eyes, but these characteristics were also found in the uonrlieuniatic rela- 
tives of those persons. The coloring thus had no bearing on the actual occurrence 
of rheumatism but pointed to a type in which rheumatism frequently occiir.s. 

The author believes from the foregoing evidence that undoubted familinl occur- 
rence of rheumatism would seem to be duo loss lo a specific and contagions agent 
than to certain familial characteristics which favor: (a) the niisoi of many in- 
fections and (b) the appearance of the syndrome known as rheumatism. The 
determining factor in rheumatism may be nonspecific, since other nento infeetioiis 
of a different nature may arise simultaneonsly witli rhenmnlic iiiiinifestations. 
Simultaneous attacks of rheumatism would then bo explained by some iionspee.ific 
but infective agent attacking .cevonil jicoplc of like "rbeiiiiiiitic coiistiliitioii. 
This is in keeping with the growing opinion of bacteriologists that rlieuiiiatisni 
is a specialized 15710 of reaction to a conniion infoetive agent. 

Wilson, May G., and Edmond, Helen: Blood Cultures in Children With Rheumatic 
rever. A. J. Dis. Child. 45: 1237, 19.33. 

A total of 236 blood cultures from 67 childien with rhemnntii*. disease was 
.studied. In 4G por cent of these cbildreii iiositive cnlturos were semired. The 
positive cultures were obtained in 37 per cent (hiring the active stage and in 41 
per cent during the apparently inactive period. In n control series which included 
normal infants and children as well ns those who wore ill or (-onvab'seing from 
various infection.s, 1.53 blood cultures from 7S children and 13 adults wore studied. 
I'orty-one per cent of tlicsc cultures were positive, 3 'lie positive cnlturos "wore 
secured in 33 per cent of the healthy infants and children of this control grouji. 

The microorganisms recovered from all the blood cultures wore of threo. t.vpes: 
Streptococcus mridavs, Streptococcus nuhciiwli/ticus and pleomorpliie b:icilli. .AIkuiI 
one-half of the organisms recovered were .streptococci; the rest wore pleomorphic 
bacilli. The incubation period varied from threo to thirty-two days. About one- 
half of the strains wore recovered within a two weeks’ period of incubation. 

t is concluded from this study that organisms mny be recovered from thi' 
blood cultures of healthy infants and children nnd from children acutelv ill or 
convalescing from various infections with this bactoriologicnl method, in view 
f the results obtained m the control series, the presence of these, organisms in 
the blood (lultures of children with rheumatic disease would not nppea^r to be of 
pr^ary etiologieal significance. The incidence of recovery of orLni.ms from 
both the rheumatic and the control series was comparable. 
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rnt: AMJ.Rtf'Ax ukakt .KJi:r?N*Ai, 


been intiilc in oiir of thi« If<* tbf (‘.nrly iilcns thftt 

}>rovniI("'i !uinin>i tbo uorknrs hi tin* Enf^li.ih ,hc.1ji((i1h m i!h' finic tlu‘ nnthor nnnio 
tinder the infbienee of Dr. blltendie. He nlso the present eoneepiion of 

the di.«i;n!ie, tmlJiniiif; briefly the vnriotit* f(tetor;< thiit etinSriiiute to it.-? irieidenee. 

The miiin interert in the nrtielc eonter,-t in tlie (net Ihrit it repreyentw the refiec- 
fions of one teiio Ihniself eontriinitod n ;;re:it deni to the siiltjeei nnd tvbo tens 
roiistnnfly in eontnet with r.tiifr wnrber.>t wito imve plnyed inijiortnnt purtK in «d- 
vnneinp onr Itnowlcdpe of tbi^ eondition. 

Bohning, Anne, and Katz, Irottin N.: Umisnnl Changes In the Elcctrocardlogr.anis 

of Patients With Recent Coron.ary Occlusion. d. -M. tfe. 186: .T.», V.K'.'\. 

Klectroeardingriiinr* are prevented of ten patients hnviiig n elinienl history typi- 
cal of protraeted or transient coronary 0 ,'irliisiori of recent origin. 

Tlio most Fignifu'.ant findine.-, in c-ascs of recent coronary oechision are ehanges 
in the. form of the S T «('gtneiit nnd the T-wa%'e: either an idevntion, a depression 
or an inversion. Tlie nuest signiileant fact is thnt n tiefinite change is present, 
whether it be in an npwnrci or in n downward direction, Siicce.vvivf* records 
usually shoir a rapid change in eonSour in thi: early stages of coronary occlusion. 
Not all curves in ri'cent eoronarv e.ases can be Jltte-l into the T nnd types of 

* t »» 

Parkinson nnd Beilford. 

sVftention is drawn to n large. u[tright, sharply peaked T wave who.«e liitibs 
and shoulder.s .are symmetrical and liave their eonvexity pfdnling downwnrii and 
toward each other, associated with an isoelectric or negntiv.s S T interval having 
a “hump'’ itointing down. It is difTerenl frf'in llie nonspecific, tall T-v.'jive. Thiv 
large upright T-wave i.s most commonly found in I.eiols 11 and HI of the type 
and is as diagno.stic a feature of the cor<>nary neehision type of curve as the in- 
verted eovc-shaped T-wa\’e of which it i.s the int’erse image. Tlie .author.^ have 
designated this chnrncteristie as the upright eoroaary 'r'%vnve. 

Edeiken, Joseph: The Effect of Spln.al Deformities on the Heart. A. .1. M. 8e. 

186: 69 , 1083 . 

Spinal deformities, especially scoliosis .and kyphoscoliosis h.ave a ]>rof<>und ef- 
fect upon the lungs, and the effect U)»oii the heart is jircdiably secondary to the 
latter in most ea.scs. Kinking or twi.vting of the gre.at vessels as the result of 
displacement of the heart m.ay be responsible for certain cardiac signs and symp- 
tom.s. 

Afost patients with kyphoseoiio.si.s and .“overo grades of scolit'si.s have signs 
of right-.sidod disturbance of enrdiae. function. However, they may live for years, 
many being restricted in activity because of dy.spnea on e.vertion, ^ome are 
cyanotic and a few show edema of the leg.s. According to the literature 1110 .“-! 
patient. s die of u juilmonnry complication. 

Kyphoscolio.sis causes marked changes in the size, sliajic and position of tlie 
heart. The slmpo nnd position of the heart vary considerably from case to case. 

The aorta tends to follow the spine in spite of the deformity. In two cases 
of right kyphoscoliosis observed postmortem, the aorta coursed directh- across the 
tliorax to reach the spine. 

Pure, scoliosis due to organic dise.nse is relatively uncommon and is usually 
right-sided. In the latter, tlie heart is di.splneed and often rotated to the left, 
causing it to appear “initralized.’’ The aortic, knob appears very sharp in some 
cases. Loft scoliosis causes the heart to become centrally placed and the aortic 
area to appear widened. The aortic diameter, however, i.s not increased. 
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Three of the four cases of kyphosis included in this study presented cardiac 
complaTntrbut there ivere complicating factors in each case sufficient to account 
for the symptoms. In pure kyphosis the anteroposterior transverse diamctei ratio 

tends to be greater than normal. _ 

Two cases of lordosis presented no cardiac symptoms. The anteropostenor 
transverse diameter ratio .vas smaller than normal in both. 

Except for axis deviation in six instance.s, the electrocardiogram was normal 
in 20 of 24 cases of spinal deformity. Two of the four abnormal electrocardio- 
grams were in patients with hyperthyroidism and hypertension. TIiO infrequency 
of axis deviation despite displacement and rotation of the heart is probably due 
to the opposing effects of rotation around longitudinal and anteroposterior axes. 


Nylin, Gustav: Clinical Tests of the Punction of the Heai-t. Acta kfcdica 
Scandinavica, Supplement 52, 


The object of this investigation was to determine before and at fixed tinie.s 
after graduated work, the oxygen con.sumption, minute volume of the heart, blood 
pressure and pulse rate, according to a prcliminarj'" report. 

Tlie increase in oxygen consumption as a percentage of the resting value after 
a fixed amount of work on the stairs varies within fairly narrow limits in healthy 
individuals and is independent of body weight, provided that the latter is within 
physiological limits. 

In decompon.satod heart disease jmtients and cases of decompensated hyper- 
tonia, this increase is consistently greater than in the healthy cases, so that it 
seems to be a reliable measure of pronounced heart insufficiency, though this i.s 
more doubtful with borderline cases. At the same time as the insufficiency yields 
to treatment, a reduction of the oxygon consumption after work often sots in. 

In spite of tlie paucity of the material, the author believes that the function 
test according to this method is of practical value in judging as to the presence 
or otherwise of heart insufficiency, especially in cases of heart neurosis, hypertonia 
and obesity. 


The increase in ventilation after work is a far less reliable measure of the 
decompensation than the increase in oxygen consumption. 

The pulse rate, utilization and standard metabolism, are increased in many de- 
compensated heart disease and hypertonia cases during rest, but, on the other 
hand, the minute volume, the minute volume/ni 2 body surface, and the systolic out- 
put, are reduced. Determinations of these functions of the circulation cannot 
be used, however, as a method of functional heart diagnosi.s, as the A'alucs for 
healthy and decompensated cases partly overlap. 

The systolic output/m 2 body surface in the decompensated cases appears to be 
considerably reduced, so that its determination is of greater importance than that 
of the functions mentioned in paragraph 4. 

The utilization, i.e., the oxygen absorption per liter of blood, after a fixed 
amount of work, returns more quickly to the resting value in healthy persons 
than 111 severe decompensation cases. ^ 

after 1 fixe? to the resting value 

p™«L,rc".™ pr„0„c. is 
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Hinrichsen, Josephine, and Ivy, A. C.: Effect of Stimulation of Visceral Nerves 
on Coronary Plow in Dogs. Arch. Int. Med. 51; 932, 1933. 

The usual result of stimulating the central end of seusorj^ nerves innervating 
the upper abdominal viscera or of distending the viscera on coronary flom is an 
increase m flow. An unquestionable decrease in flow occurred in only two of 
forty-nine tests, whereas an unquestionable increase in flow occurred in nineteen 
of thirty-nine tests. In the dog, reflex coronary dilatation is more readily dem- 
onstrated than reflex constriction. 

The authors are inclined to accept the view of Greene, who has performed 
similar experiments on the dog, namely, that the failure of the reflex coronary 
dilator mechanism most likely accounts for the association of angina pectoris with 
visceral distention or excitation. 


Blumgart, Hemnaii L., Levine, Samuel A., and Berlin, David D.: Congestive 
Heart Pailure and Angina Pectoris. The Therapeutic Effect of Thyi-oidectomy 
on Patients Without Clinical or Pathologic Evidence of Thyroid Toxicity. Arch. 
Int. Med. 51: 866, 1933. 


Eeasons are given for believing that patients with a normal metabolism who 
suffer from congestive heart failure or angina pectoris might show striking im- 
provement if the metabolic rate were significantly lowered. The hearts of such 
people might be unable to supply enough blood for the ordinary demands of a 
normal metabolic rate but, nevertheless, might be able to supply enough blood 
for a reduced metabolic rate. The present communication reports the results of 
producing a subnormal metabolic rate by thyroidectomy on three patients who 
were suffering from severe congestive heart failure but who showed no evidences 
of disturbed thyroid function and on one patient with angina pectoris with a 
slight elevation of metabolism but with a normal gland. In the patients studied 
the signs and symptoms of circulatory insufficiency and of angina pectoris had 
persisted for a considerable time in spite of all known medical procedures. The 
clinical condition of each patient was accurately studied during a long control 
period in order that any change following thyroidectoni}- could be attributed 
confidently to the effect of the procedure. 

In two of the three patients with severe congestive heart failure subtotal 
thyroidectomy caused a fall in the metabolic rate which reached its maximum 
about three weeks after operation. Clinical improvement paralleled the lowered 
metabolism and was evidenced by the disappearance of edema, the increased vital 
capacity of the lungs and the ability to be up and about the ward with comfort. 
During the next few weeks, the basal metabolic rates in these two patients again 
rose toward the preoperative normal level and their clinical conditions became 
less favorable. One of these patients continued for an additional month to show 
a somewhat lessened metabolic rate than before operation, and his clinical con- 
dition while not so good as that three weeks following operation, was definitely 
better than before operation. The patient with angina pectoris has shown no 
recurrence of the attacks of angina pectoris since subtotal thyroidectomy, al- 
though he has returned to work and active life. This is in contrast to his condi- 
tion before operation, when attacks of angina pectoris occurred even while he was 


at rest. 


In me patient with congestive heart failure complete ablation of all thyroid 
, issue sva, done, the parattyrold gilauds beiag spared This patient has main- 
lined Ms conspicaous clinical in, proven, ont and the n.elabobc rate has rcn.ined 
tamed ins ^ six weeks. Further studies are being made 

persistently ^ thyroidectomy and the effect of roentgen irradia- 
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tion more accurately. The application of this procedure to other conditions in 
^hich a lov.'ering of the metabolic rate may prove beneficial m also being studied 
In the meantime, the procedure should be employed only in carefully selected 
cases in ^Yhich all known therapeutic measures have proved inclTeciunl. 


Parsonnet, Aaron B.. and Parent. Sol: Auricular Plutter With Complete Auriculo- 
Ventricular Block in a Patient With Coronary Disease. Arch, Int. Med. 51: 


938, 1933. 

A case of auricular flutter with an unusually high auricular rate is reported. 
This condition was superimposed over a complete dissociation of the auricles and 
ventricles in a patient who subsequently died with all the classic manifestations 
of coronary occlusion and infarction. The rarity of such a combination of ab- 
normal rhythms, the extremely high auricular rate, the rapid changes of axis in 
the various leads, the clear demonstration of flutter configuration in Lead I and 
finally, the tjqiical T-waves as seen in coronary disturbances arc of singular in- 
terest. 


Hoffman, Ai-thur M., and Delong, Everett: Standardization of Chest Leads and 

Their Value in Coronary Thrombosis and Myocardial Damage, Arch. Int, Jlcd. 

51: 947, 1933. 

A standard technic for obtaining chest leads is presented. 

The position of the electrode on the chest is of importance. Uniform tracings 
can be secured in normal patients by this technic. In diseased hearts, two posi- 
tions may show abnormal chest leads. Usually, however, only one of those posi- 
tions shows such an abnormality. When present in both positions, one may re- 
vert to normal earlier than the other. 

The changes found arc not specific for coronary thrombosis, for they were 
found in other types of myocardial damage confirmed by autopsj*. In patients 
with coronary thrombosis, however, a relatively characteristic chest lead deform- 
ity is noticed. Besides Wolferth and Wood’s S. T. deformity, the authors found 
a more frequent abnormality of an isoelectric or upright T-wavc in Load lA’'. 
These T-wave abnormalities in the chest lead occasionally precede changes in the 
standard leads and are, therefore, of value i2i an earlier confirmation of a 
diagnosis of coronary thrombosis. They also occur in instances in which the 
standard leads show the characteristic abnormalities of coronar}- thrombosis. In 
some cases of this type, the Lead lA’' changes may be absent. The chest lend 
abnormalities change with improvement in the patient’s condition, implying that 
an acute underlying process is taking place. Occasionally a return to normal 
occurs in the chest lead but not in the standard lead.s. The reverse of this appears 
to occur even more frequently. 

As pathological changes which occur in the myocardium are not all recorded in 
cither the chest leads or the routine leads alone, the authors feel that it is a 
worth-while procedure to run the chest leads in all cases of suspected or proi'od 
myocardial damage. In all the patients on whom such tracings were taken in 
whom there was clinical evidence of heart disease, either the chest lead or 'the 
routine leads showed evidence of myocardial damage. In none of these patients 
were both the routine and the chest leads found to be normal. 


Bosenhlum, Harold H., and Levine, Samuel A.; What Happens Eventuallv to Pi 

tients With Hyperthyroidism and Significant Heart Disease Followin<. q n4. 4. i 
Thyroidectomy? Am. J. M. Sc. 185: 219, 1933. Following Subtotal 

A follow-up study was made of 69 ‘ ‘ thyroeardiacs ’ ’ in whom subtofil fl.v 4 
wa, Of «.». pa«o»t. Wore operation „aa groas eSL XCeS 
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or anginal heart failure. There -were 2 postoperative fatalities, and of the remainder 
the average length of follorv-up was four to five years. Six patients died since the op- 
eration after an average sui'vival of 2.5 j’cars. These C liad been restored either to nor- 
mal health or to resumption of moderate activities. 

Forty-three patients had objective evidence of congestive heart failure; 9 had angina 
pectoris, 2 of whom had had coronar}* thrombosis; 15 had definite mitral stenosis and 4 
had questionable mitral stenosis ; 2 had aortic insufliciency (1 was luetic, 1 rheumatic) ; 
.^5 patients had hypertensive heart disease. 

The average basal metabolic rate before operation was -tol.l and -14.8 per cent after 
operation. The average preoperative blood pressure was 153 mm. systolic and 81 mm. 
diastolic. The heart size was practically unchanged ns a result of operation. The av- 
erage preoperative transverse diameter of the heart in 10 patients was 14.3 cm., and 
postoperatively it was 14.2 cm. All but 7 of the 69 showed some type of heart murmur 
before operation. 

In 27 patients specific notation was made concerning the presence of murmurs be- 
fore and after operation. All these patients had systolic murmurs and 8 had diastolic 
murmurs. In 16 instances a preoperativc systolic murmur disappeared, in 8 it became 
less marked, and in 3 it remained unchanged. Of the 8 diastolic murmurs, 6 were due 
to mitral stenosis and 2 to aortic insufficiency. Three of the former and 1 of the latter 
first became audible postoperatively. 

Of 32 patients who had established auricular fibrillation, 24 were adequately re- 
examined. Of these 11 had mitral stenosis, and in none of tliese did the auricular fibril- 
lation spontaneously disappear. Of the remaining 13, 6 reverted to normal rhythm 
after operation and the cardiac rhythm remained regular for years. There were an ad- 
ditional 11 patients who showed paroxj'smal auricular fibrillation. In practically all 
instances these paroxysms did not recur after the patients left the hospital. 

Our experience nith quinidin in these cases indicates that it is useless to employ it 
preoperatively for auricular fibrillation and dangerous to give it postoperatively to 
those patients nfith mitral stenosis and auricular fibrillation. It is best given a few 
weeks after operation to those without mitral stenosis in whom auricular fibrillation is 
still persisting. 

Six eases of paroxysmal auricular flutter occurred in this series. These attacks dis- 
appeared permanently in all but 1 of the cases. In tlie latter instance there was a single 
return of this arrhythmia associated with some evidence of persisting hyperthyroidism. 

Sinus pauses occurred in 2 patients who rvere both permanently relieved following 
operation. There were 2 instances of delayed auriculoventricular conduction, 1 of 
which became normal after subtotal thyroidectomy. 

Extrasystoles were relatively uncommon; there were only 6 instances of this irregu- 
larity in the group studied. 

The great rarity of congestive heart failure in young patients with liyperthyroidism 
and the almost uniformity of other forms of heart disease (mitral stenosis, hyperten- 
sion, coronary artery disease, etc.) in tliose with significant cardiac embarrassment 
make it probable that hyperthyroidism is rarely the sole cause of heart failure. 

The follow-up study of these eases showed that not only was there marked immedi- 
ate improvement following operation in the various evidences of circulatory embarrass- 
ment, such as congestive heart failure, angina pectoris and disturbing irregularities of 
the heart, but the improvement was extremely well maintained. 

The occurrence of striking improvement following subtotal thyroidectomy in a pa- 
tient with advanced congestive heart failure, in whom the thyroid gland was normal, 
suggests that this operation may be useful more generally in the treatment of various 

forms of cardiac disease. 
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ijN'i) PATiioi.oiUSCiiF. HisTonOGiE. By Prof. Dr. Martin Nord- 
Univcrsity of Tiibingcii. (Ergebnissc dcr. IvrcislaulTorscbung, 
Dresden and Leipzig, 103.1, Theodor .Steinkopff. 


This is a review of the literature (for the most i)art German) dealing with the 
more manifest disturbances of the circulation in the peripheral vessels, from the 
clinical as well as the pathological-histological standpoint. It stresses the desirability 
of many modes of approach to the sub.ieet with an attempt at correlation. The 
author deplores the lack of attention to Eockitansky 's point of view. lie states 
that Thoma is the only one who holds with him that phenomena conserpient upon 
circulatory disturbances include all conditions of pathological anatomy. It is an 
interesting account of the German contributions to the subject of vascular disease. 

4 7? 7?. 


Die BRUSTWANDl'UIi.SATIOXKK ALS SYMPTOXIE VON llEUZ- TlNI) GEPA-SSKUANKHEITEN. 
By Dr. 'Wilhelm Dressier, Assistant in the Heart Station in Vienna. ISl pp., 
with 87 illustrations. Vienna, 1933, VTlhelm !Mandrich. 

Dr. Dressier ’s careful clinical study of pulsations of the chest wall is a notable 
example of work based on the skillful use of the senses as opposed to a study re- 
quiring complicated apparatus. Dr. Dressier reviews the important anatomical and 
physiological relationships and shows how those affect the pulsations which may be 
seen or felt in health and in disease. The first part of the book is given over to 
general considerations; the second to a discussion of the modification of the pulsa- 
tions under special conditions. The style is clear and the method of presentation 
interesting. Dr. Dressier has used graphic methods for control purposes, but lie 
has wisely chosen to present his material as a. study in jihysical diagnosis and 
clinical observation, and as such it should be of special interest to teachers and 
clinicians. 

E. JI. 


Cardiovascular Pain as a Biochemical Prohlem. By Gordon Lambert, B. A., 
M.D., B.C. (Cantab.) 75 pages, with 23 illustrations. London, 1933, H. K. 
Lewis Sa Co., Ltd. 


Contrary to the implication contained in its title, this little monograph proceeds 
to concern itself with a discussion of the “vascular, muscular and neural factors 
in cardiovascular pain.” There are no original observations. Tlie author has 
collected seventy-five references, many of them irrelevant. There are frequent quo- 
tations, but the recent work of Sir Thonms Lewis is not mentioned The illustra- 
tions consist of crude pen and ink drawings; even the electrocardiograms appear as 
free-hand sketches. 


After sixty-nine pages of futile argument, it is concluded that “biochemical 
research gives promise of adding to our knowledge, and further compilation of 
statistics, based solely upon morbid anatomy, cannot yield the same results ’ ' 

nae,»nt= incts ,vMcl. are k„o™ eo'nconre tt” “ "" 

to 


Jt. L. L. 



Letter to Editor — Correction 


Albany, N. Y., 
June 30, 1933. 

Through a very regrettable oversight on my part a gross error appeared in my 
paper "Heart Disease in General Medical Practice,” which was published in the 
April, 1933, issue of the Journal. 

On page 7 the statement is made that "from four to eight million people in 
this country . . . suffer from heart disease.” These figures, which are supposed 
to represent from two to four per cent of the population, clearly should read "from 
two and one-half to five million. ’ ’ 

I shall be grateful to you if you will publisli this correction in an early issue 
of the Journal. 

Sincerely yours, 

(Signed) J. V. DePorte, 

Director, Division of Vital Statistics. 
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